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ABSTRACT
According to the Outdoor Industry Association (2020), about 3.4 million people
across the United States went whitewater-rafting in 2019. The majority of the research on
whitewater rafting has focused on guest injuries, with less attention on the whitewater raft
guides, who have an arduous job and are at risk for shoulder, back, and hip injuries. In
addition to these injuries, rafting guides also experience bilateral imbalances from
utilizing a dominant guiding side. One way to prevent these types of injuries and
imbalances is to improve functional movement, strength, and range of motion (ROM).
The goal of this study was to introduce a novel preventative exercise regimen targeting
functional movement, flexibility, and strength. This study specifically examined whether
improvements in functional movement, stability and flexibility differed for whitewater
raft guides who participated in the exercise program in addition to guiding their regular
season [Treatment] versus whitewater raft guides who only worked the season [Control].
It was hypothesized that raft guides who participated in the program [Treatment]
experienced a significant increase in functional movement, flexibility and stability when
compared to the raft guides who do not participate in the program [Control]. Findings
indicated that the exercise program was not effective in significantly improving the
Treatments group’s functional movement, flexibility, and stability when compared to the
Control group as only the shoulder external rotation showed improvements.
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CHAPTER ONE
INTRODUCTION
According to the Outdoor Industry Association (2020), about 3.4 million people across
the United States went whitewater-rafting in 2019, with most of the rafting occurring during the
summer months. Much of the research on whitewater rafting has focused on guest injuries, with
less attention on whitewater raft guides. Raft guides may be expected to work 40 hours a week
for approximately three continuous months. Whitewater rafting companies traditionally have
their guides work multiple trips a day, and trips can range from 2.5 to 8 hours. This job requires
muscle endurance, joint stability and strength due to the long hours guides exert themselves.
Due to workload, whitewater raft guides have a high risk of chronic and acute
musculoskeletal injuries (Spittler et al., 2020), due to the nature of rafting. For example, there are
two types of whitewater raft guiding: oar and paddle guiding (see Figures 1 and 2). Oar guiding
has two oars rigged up to the raft and does not require that individuals use one prominent guiding
side, instead both sides of the body are being worked coherently. In contrast, paddle guiding
requires a great amount of performance from one side of the body [unilateral]. Long-term
preferential unilateral dominance can cause bilateral imbalances, morphological and
physiological adaptations to the body’s structure and function (Williams et al., 2002). These
adaptations are common amongst these type of raft guides due to overuse of one side. It takes a
long time for guides to be able to alternate guiding sides because when a mistake is encountered,
they must be able to react quickly and efficiently. When a raft is off the proper line in a rapid,
potential for guests to become injured increases (Hunter, 2007). Additionally, mistakes are more
likely to happen because of rafting on the non-dominant side requires opposite motions and the
guide may also be weaker on this side (Perrin, 2019). According to Perrin (2019), switching to
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nondominant guiding side could place rafting guests in danger given that their guide is using
their non-dominant side or are in pain due to overuse of one side of the body.
Figure 1

Figure 2

Oar Guiding

Paddle Guiding (Stick Guiding)

Note. The guide is using two oars to help
maneuver the raft, utilizing both side of their
body.

Note. The guide is using only one paddle
to maneuver the raft, primarily utilizing
one side of their body.

Until guides become more experienced in situations where they have had to use both
sides, switching to the other side is not an option. Injuries occur not only from the nature of the
job itself, but also from bilateral imbalances the guides obtain from this profession. Overuse of
one side can cause acute injuries, which may become chronic; acute injuries may also lead to
poor posturing which is linked to future injuries (Carpes et al, 2010). Over working one side of
the body can also lead to structural adaptions for that side of the body (Holloszy, 1984) and pain
(Treiber et al., 1998).
To address the injuries that may arise from guiding, a preventative and maintenance
exercise program may need to be developed. Currently, there are no specific exercise programs
developed for whitewater raft guides. Yet, upon examining other exercise programs, it appears
11

that programs targeting functional movement, strength, and ROM may help prevent and address
injuries related to imbalances (Armstrong et al., 2019; Shamsi et al., 2020). The dominant
guiding side is the main part of the body’s kinetic chain. The movements used for guiding affects
the entire body, and movements in the body affect the guiding side. The human body has
naturally occurring bilateral imbalance/fluctuating bilateral asymmetry (Atkins et al., 2016;
Tomkinson et al., 2003; Yoshioka et al., 2011). Injuries and/or impairment of activity is linked to
asymmetry and unilateral demands (Atkins et al., 2016; Brockett et al., 2004; Brughelli et al.,
2010; Croisier et al., 2002; Hewett et al., 1999; Orchard et al., 1997; Paterno et al., 2007; Paterno
et al., 2004). With some activities and sports, there are unilateral demands that may be constant
and have been linked to mechanical adaptation (Atkins et al., 2016; Lake et al., 2010). Research
has linked lower body bilateral imbalances, dominant leg or preferred foot, and ground reaction
forces (Atkins et al., 2016; Flanagan & Salem, 2007; Lake et al., 2010; Lauder & Lake, 2008;
Newton et al., 2006) and these imbalances increase injuries and affect performance (Atkins et al.,
2016; Askling et al., 2003; Croisier et al., 2002; Newton et al., 2006; Paterno et al., 2004).
Utilizing a screening for functional movement is now a large part of assessments in sports, given
that functional movement is the ability to create and maintain a balance between mobility and
stability through the kinetic chain (Atkins et al., 2016; Mills et al., 2005; Okada et al., 2011).
Overview of the Study
Each year as more whitewater and outdoor enthusiasts become whitewater raft guides,
there is a need to examine possible exercise and flexibility programs. An opportunity to explore
this presented itself at a whitewater rafting outfitter in the southeastern U.S. where
approximately 8,500 guests visited during the season, which runs from the mid-March to the end
of October. The outpost has approximately 40 full-time whitewater paddle raft guides. Each
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guide works one 6- to 8-hour long trip a day approximately 5 days a week. New guides begin
training in early May, and are hired on as full-time guides working trips with guests by June.
Very specific guiding, portaging and raft moving is required from all guides. There is no
biomechanic or ergonomics training or orientation available, and guides typically do not actively
participate in any preventative measures to increase functional movement, flexibility, stability, or
strength to prevent injury. There are components of the job that may help improve unilateral
imbalances, such as switching guiding sides or an exercises program to help combat any
discrepancies for the non-guiding side, but if the guide is not aware that imbalances may occur,
the imbalances will continue.
Statement of Purpose
The goal of this study was to introduce a novel preventative exercise regimen targeting
functional movement, flexibility, and strength. The exercise program included a variety of
exercises targeting functional movement, flexibility, and strength (Cavanagh et al., 1998; Garber
et al., 2011; Nelson et al., 2007). As participants progress in the exercise program, guiding and
non-guiding deficits should decrease. This study examined whether improvements in functional
movement, stability and flexibility differed for the whitewater raft guides who participated in the
exercise program in addition to guiding their regular season [Treatment] versus whitewater raft
guides who only worked the season [Control]. It was hypothesized that raft guides who
participated in the protocol [Treatment] would experience a significant increase in functional
movement, flexibility and stability and would experience a decrease in bilateral deficits when
compared to the raft guides who do not receive the protocol.
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Importance of the Study
By improving guides’ functional movement, flexibility and stability through this exercise
program, deficits between guiding and non-guiding sides can decrease. The training could also
provide individuals a structured strength and conditioning option that could increase work
performance and prevent injury (Steinhagen et al., 1998). If this program is successful, it may
provide Certified Athletic Trainers (ATC) or Physical Therapists (DPT) opportunities to
collaborate and create other biomechanical programs that can also be implemented.
Further, the exercise regimen will be low-cost and easy-to-understand as the program
requires limited equipment (Thompson, 2010). Creating a low-cost and easy-to-understand
program can help rafting outfitters, such as the one that will be participating in this study. If this
intervention is successful, rafting outfitters can incorporate the training into future employee
orientations or trainings. If companies do not incorporate a biomechanics or ergonomic training,
injuries that guides experience on-the-job will need to be addressed after the injury has occurred.
Depending on the severity of the injury, guides may not be able to return to their jobs.
Consequently, companies who incorporate a preventative exercise program during training and
orientation could prevent injuries and save money as they will not have to spend funds on hiring
new employees to replace the injured ones.
Parks, Recreation and Tourism Management (PRTM) may benefit from this study by
creating a program that can be translated into other outdoor activities. PRTM advocates for
outdoor-based recreational activities may be able to promote this exercise program to prevent
injuries. PRTM agencies may also need to expand their collaboration with ATC or DPT to
develop these programs to target employee wellness.
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Chapter Summary
In summary, guides have an arduous job, and they are at risk for various injuries. One
way to prevent these types of injuries is to improve functional movement, strength, and ROM.
Given that there are no programs geared toward whitewater raft guides at this moment, the goal
of this study was to develop an exercise program targeting functional movement, flexibility, and
strength. This study specifically examined whether improvements in functional movement,
stability and flexibility differed for the whitewater raft guides who participated in the exercise
program in addition to guiding their regular season [Treatment] versus whitewater raft guides
who only worked the season [Control].
To further explore this question, Chapter 2 will review the literature on injuries,
functional movement, strength, and ROM. Chapter 3 will outline the methodology for this study,
including how data were collected and analyzed. Chapter 4 will present the study findings, while
Chapter 5 includes a discussion of the findings considering past research.
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CHAPTER TWO
LITERATURE REVIEW
This chapter includes a review of literature that will help address the study purpose and
research questions. The chapter will begin with an overview of the research addressing injuries,
functional movement, strength, ROM and study rationale. Next, the literature on whitewater raft
guide injuries will be discussed. The chapter concludes with the study rational and chapter
summary.
Injuries
Imbalances in functional movement, strength, and ROM can lead to injuries
(Ambegaonkar et al., 2014; Chimera et al., 2004; de Marche Baldon et al., 2012; Holcomb et al.,
2007). The human body requires a balance of strength and flexibility, and any imbalance can
lead to injuries. For example, an individual who is strong but not flexible has an increased
chance of tendon ruptures or muscle strains (Witvrouw et al., 2003). Meanwhile an individual
who is hypermobile (very flexible) may experience different types of injuries such as ligament
sprains or bone fractures (Cameron et al., 2010; Decoster et al., 1999; Smith et al., 2005).
The most common type of injury in the raft guiding profession is due to overuse, which
accounts for 70% of injuries (Hogan & Gross, 2003; Pearce, 2006). Chronic overuse injuries
originate from repetitive motions, particularly among individuals who engage in sports or
physical activities that require endurance (Almekinders & Almekinders, 1994). Working through
injuries not only can amplify the injury but also change a person’s psychosocial aspects where
they go through many emotions during the different stages of an injury (Arvinen-Barrow et al.,
2014).
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Furthermore, some sports, physical activities, and daily tasks require individuals to use
one side of the body, which is referred to as unilateral (Čular et al., 2010; Treiber et al., 1998).
For example, tennis players (Treiber et al., 1998) may typically rely on their dominant side while
playing the sport. Constantly relying on one side of the body can lead to imbalances, and thus
predispose the athlete to injuries (Holloszy & Coyle, 1984; Krzysztofik et al., 2021). Although
little research focuses on whitewater paddle raft guides, there are some similarities to these other
sports. Guides may rely primarily on their dominant side while rafting, which could lead to
muscular and flexibility imbalances and injuries. Half of the injuries that occur from a type of
whitewater sport, are provided the proper medical care (Nathanson et al., 2015).
Previous research has illustrated that low scores within functional joint stability, muscular
strength, neuromuscular control, proprioception, and dynamic functional movement and stability
can increase the risk for injury (Ambegaonkar et al., 2014; Chimera et al., 2004; de Marche
Baldon et al., 2012; Holcomb et al., 2007). Accordingly, ATCs, DPTs and orthopedic surgeons
may target these components in therapeutic exercises to prevent injuries (Van Tulder et al.,
2007). Some therapeutic exercises, for example, target joint stability and dynamic movement
through the kinetic chain through resistance-based training (de Marche Baldon et al., 2012;
Ireland & Ott, 2004). Other programs target functional movement, strength, and ROM, which are
the focus of this study.
Functional Movement
Functional movement is defined as maintaining and producing balance between mobility
and stability in the kinetic chain while performing foundational movement patterns accurately
and efficiently (Bradley & Esformes, 2014). The kinetic chain refers to the body’s system that
links all of the interdependent segments that then create the actions or movement of that body
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part (Cook et al., 2006). Functional movement is needed in sports, physical activity, and daily
tasks of everyday living. Proper functional movement decreases injuries, while limited functional
movement and muscle imbalances may lead to overuse injuries (Okada et al., 2011). Identifying
limitations in functional movements can be beneficial to prevent overuse injuries (Devan et al.,
2004). Functional movement is movement that is capable to withstand all aspects of life, daily
activities, athletic participation, and occupational tasks (Armstrong et al., 2019; Bonazza et al.,
2016). Having limitations in functional movement quality may cause performance deficits in
daily tasks of living and or athletic activities (Armstrong et al., 2019; Hatchett et al., 2017;
Malinzak et al., 2001). Balance, proprioception, strength, mobility, and movement efficiency are
the necessary components to ensure proper functional movement in individuals (Cook et al.,
2006; Mills et al., 2005; Okada et al., 2011).
Hatchett et. al. (2017) utilized Functional Movement Screening (FMS) scores to help
analyze endurance canoeist and kayakers individual race performance. This study took FMS
measurements of 50 canoeists and kayakers’ at large race events and compared it to their
performance and times they earned at the race. The results showed a significant relationship
between higher FMS composite scores and finish time, and also showed a significant relationship
between FMS sub-scores that showcase the functional capability in the areas lumbo-pelvic-hip
complex and the athlete’s kinetic chain of a paddle stroke. The FMS tool allows you to see a
connection with functional movement of an individual and their outcome for the sport.
To improve functional movement in sports and hobbies, exercises need to not only target
the muscles used during the activities but also give the muscles the activation feedback they get
when performing the activities, but in a controlled environment. One study utilizes FMS scores
to illustrate bilateral imbalances in youth soccer players (Atkins et al., 2016). Soccer players
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have been linked to having a dominant kicking leg, and researchers suggested that a program
focusing on technical and neuromuscular aspects of the body may combat imbalances (Atkins et
al., 2016). According Atkins (2016), bilateral asymmetries increase as the athletes get older and
there is a pronounced bilateral imbalance no matter what age when performing a functional
movement that is relevant to their sport. Another study focused on 24 male soccer players ages
14-19 going through a 12-week training program that incorporated exercises that focused on
improving FMS scores via mobilization, stabilization and integration and found a statically
significance improvement in FMS scores (Dinc et al., 2017). Development of exercise programs
that focus on movement patterns and target the limitations of these movement patterns is
effective (Dinc et al., 2017).
Another study performed by Stanek et. al. (2017), utilized an eight-week exercise
program individualized to male firefighters. The researchers observed an increased in FMS
scores, stability, and advanced movement scores and only a slight improvement on mobility test
scores (Stanek et al., 2017). The population of the study was older, and a trainer was not
physically on-site for the exercise sessions given that the FMS Pro360 system was utilized; thus
may have led to statistical insignificance for mobility test scores (Stanek et al., 2017). Another
study utilized isometric and isotonic exercises and saw a reduction in pain in volleyball and
basketball athletes during the season (Van Ark et al., 2016). Both sports have a high demand of
jump and landing properly and utilize jump tests for strength of the lower body.
Strength
Muscle strength is vital for function movement. Strength in muscles is needed for joint
stabilization, and muscles that are strong and can properly activate allow for a decrease in injury
to the muscles themselves and to the joints’ ligament structures (Trojian & Collins, 2006).
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Additionally, too much or too little muscle strength can lead to injuries, especially when
individuals also exhibit limited ROM or flexibility (Witvrouw et al., 2003).
Various exercise programs target strength. Weight bearing and resistance exercises,
which can improve strength, are recommended by the American College of Sports Medicine to
reduce the risk of musculoskeletal injury (Bloomfield, 2004). Some ATCs and PTs focus on
strengthening smaller muscles that are primary joint stabilizers (Escamilla et al., 2009). Some of
the exercise used for this program include body weight exercises and resistance exercises that
rely on TheraBand®; the TheraBand® being associated with increasing slow speed eccentric
strength (Distefano et al., 2009; Page et al., 1993). Additionally, research has concluded that
there was a 10% increase in strength with a six-week TheraBand® exercise program that
included exercises like shoulder internal rotation and shoulder abduction with TheraBand®
(Anderson et al., 1992; Hughes et al., 1999).
Range of Motion
ROM refers to the extent each joint or body part can move within normal degrees of
freedom (Moore, 1949; Rondinelli, 2008). Joint type, articulating surfaces, regional muscles,
tendons and ligaments can all affect ROM (Lis et al., 2012). Limited and high degrees of ROM
have been linked with increases in injuries (Jones et al., 1999; Lis et al., 2012). Research has also
found that upper extremity dominant side joints had less ROM compared to the non-dominant
side due to overuse and muscle tightness (Escalante et al., 1999; Gunal et al., 1996). Disruptions
in ROM can also lead to hypermobility or hypomobility.
Hypermobility is when the joint has the ability to passively or actively move beyond its
normal limits (Norkin & White, 2016). In this case, active range of motion (AROM) refers to
patients moving the joints on their own, while passive range of motion (PROM) occurs when the
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clinician/evaluator is moving the joint while the patient relaxes (Clarkson, 2000). An extent of
flexibility is needed to avoid muscle strains or tendon ruptures (Benjamin & Ralphs, 1997; van
Dyk et al., 2018); yet, hypermobility can lead to injury by allowing the joint to continue going
passed its normal degrees of freedom, compromising the structure and laxity in ligaments, which
can lead to permanent damage (Scerpella et al., 2005). When a ligament is stretched beyond its
normal length, it does not return to normal length without surgical intervention. The ligament can
build up scar tissue without surgical intervention, and it will not be the same as it was prior to the
injury (Lis et al., 2012). This non-operative approach is called “functional treatment,” and it can
be used before injuries for prevention or after the injury to help build back the strength
(Renström & Lynch, 1998)
In contrast, hypomobility is defined as substantially less or a decrease in ROM of a joint
(Norkin & White, 2016). Flexibility deficits can increase the risk of developing muscle injuries
(Witvrouw et al., 2003). This can lead to joint stiffness, pain, strained muscles or ruptured
tendons (Hartig & Henderson, 1999; Witvrouw et al., 2003). Hypomobility of a ligament
structures is needed so ligaments will not tear or stretch beyond its joint stabilization length.
When dealing with hypomobile subjects, stretching is one of the easier interventions to
implement and has shown to improve joint ROM for the knee, hip, trunk, shoulder, and ankle
(Thacker et al., 2004). When addressing hypermobile subjects, working on strengthening the
musculater surrounding hypermobile joints has also been shown to decrease injuries that can
occur from a joint having too much motion (Ferrell et al., 2004).
Proper ROM in the body, helps limit injuries that are caused for hypermobility and
hypomobility. Eccentric stretching, dynamic warm-ups, static stretching post-physical activities,
and passive stretching are all utilized to improve ROM (Nelson & Bandy, 2004). An example of
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how improving ROM can prevent injuries is found in Barrett et al’s (2016) study where
improving thoracic spine ROM and decreasing kyphosis was able to increase shoulder ROM.
This study’s stretching guidelines are adapted from Thompson’s (2010) key points. Muscles will
most effectively be stretched if the muscles are warm, therefore stretching should be performed
at the end of the exercise session each day. To improve flexibility, stretching should be
performed two to three times a week. The types of stretching recommended for a flexibility
program are static, dynamic, ballistic, proprioceptive neuromuscular facilitation (PNF), and
dynamic ROM.
Study Rationale
The research on white water rafting has predominantly focused on the injuries for
commercial rafting guests, recreational kayakers, whitewater standup paddle boarders, and
endurance kayakers and canoeists instead of the raft guides (Fiore, 2003; Fiore & Houston, 2001;
Hatchett et al., 2017; Schoen & Stano, 2002). Yet, a few research studies have mentioned that
raft guides are affected by lower back pain, shoulder injuries, muscle strains, joint sprains,
lacerations, fractures, and dislocations (Franklin & Leggat, 2012; Jackson & Verscheure, 2006).
Additionally, whitewater rafting can lead to future biomechanical or chronic problems among the
guides who use repetitive motion on one side of their body for multiple continuous months out of
the year. There are no known interventions being used to prevent injuries for whitewater rafting
guides at the time of this writing. What is known is that critical dynamic and static balance,
resistance training, neuromuscular control, coordination, and proprioception are linked to injury
prevention (Stenger, 2018). Research shows that this type of training may lead to improvements
that will help prevent injuries and increase functional movement.

22

The goal of this study was to introduce an exercise program that can prevent future
injuries among the whitewater rafting guides. By examining the research on injury prevention, an
exercise program will be developed that targets functional movement, flexibility, and strength
(Cavanagh et al., 1998; Garber et al., 2011; Nelson et al., 2007). This study specifically
addressed whether improvements in functional movement, stability and flexibility differ for the
whitewater raft guides who receive training in addition to working the season [Treatment] versus
whitewater raft guides only working the season without the training [Control]. It is hypothesized
that raft guides who participate in the protocol [Treatment] will experience a significant increase
in functional movement, flexibility and stability when compared to the raft guides who do not
receive the protocol.
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CHAPTER THREE
METHOD
In developing and introducing a novel exercise program targeted at paddle whitewater
raft guides, a two-group pretest posttest experimental research design was used (Harris et al.,
2006; Price et al., 2015). This chapter will describe the procedures for the experiment, including
how participants were recruited and included in the study. The plan for data analysis and the
threats to reliability and validity will also be discussed.
Study Site
The study site for this research took place at a whitewater rafting outfitter in the
southeastern U.S. The outfitter is one of the researcher’s current employers where she has
worked since the summer of 2017. The researcher herself is a whitewater paddle raft guide and
works alongside approximately 40 other raft guides each year from May to October. The study
site’s former manager proposed this idea, stating that body imbalances was the biggest complaint
he had received from coworkers and employees since working for this company for 40 years.
The new rafting stie manager agreed that imbalances are a problem for whitewater paddle raft
guides, and the researcher herself has experienced some imbalances from this job.
Additionally, the researcher is a licensed certified athletic trainer in the state where the
outfitter is located. She has extensive background in biomechanics, injuries, injury prevention
and rehabilitation plus whitewater paddle raft guiding experience. Given her experience, she was
able to develop an exercise program to address body imbalances.
Data Collection Procedures
This study was approved by the Clemson University Institutional Review Board, and it
took place summer of 2021. Approximately 20 individuals were recruited to participate. Eligible
24

participants needed to be: [1] employed full-time as paddle whitewater raft guides during peak
season, and [2] over 18 years of age (adapted from: García-Pinillos et al., 2017). Potential
participants were excluded if they reported any of the following: [1] any current injuries that
require surgery (de Marche Baldon et al., 2012), [2] any current or new injuries that are
debilitating and inhibit participants from being able to complete the intervention properly, or [3]
have been informed by a physician that they are unfit to participate. Participants with minor
injuries such as cuts, scrapes, bruises, light muscle soreness were allowed as these do not inhibit
ROM. Joint dislocations and/or subluxations, ligament sprains, muscle strains, tendon ruptures,
concussions were considered debilitating injuries.
Recruitment
Full-time employees at a whitewater rafting outfitter located in the Southeast of the U.S.
were be asked to participate. The researcher formally announced the study details at the
conclusion of the first staff meeting of the season and asked for volunteers to participate [see
Appendix F for recruitment transcript]. During the announcement, the researcher explained the
purpose of the project, the participation requirements, as well as the benefits and risks involved
with participating in this study. She further explained the two possible groups for this study
where one group would be enrolled in the exercise program, while the other would receive no
intervention. The groups will be randomly assigned, and the researcher also mentioned that those
who do not receive the exercise intervention would have the option to participate at the end of
the study if the intervention does show to be effective.
The researcher had a sign-up list where interested employees could volunteer for the
study and provide their contact information. In the event that staff members were not all present
at the staff meeting, a note was be posted near the daily and weekly schedule explaining the
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research study and how to volunteer [see Appendix G]. The board where the daily and weekly
schedules are posted was the best place for the sign-up interest sheet and announcements
concerning the study (e.g., when interventions are scheduled) given that it is a highly visited
location.
Study Screening and Pre-Intervention Assessment
Individuals who volunteer for the study were asked to sign-up for a 45-minute time slot
where they were screened for eligibility. Before screening participants, they were asked to
review and sign an informed consent form and a media release form (see Appendix D & E). The
informed consent form had details of the study and outlined the potential risks accompanying the
study (Meyer et al., 2017; Schoenfeld, & Dawes, 2009). Individuals were also informed that they
could withdraw from the study at any time without any penalties.
Finally, the researcher assured individuals that their privacy and confidentiality are of
upmost importance, and as such, the researcher will do everything necessary to protect their
individual identity and information. To ensure confidentiality in the pre- and post-assessments,
participants were asked to use the main doors of the trip talk room as their entrance point, and
the door at the back of the room as their exit point to avoid any data collected from being heard
or seen by other participants (Figure 3). Additionally, individual-level data was not shared with
anyone outside of the research team (researcher and her committee members), and only the
aggregate form of the data would be reported in future research publications and presentations.
The researcher did also not disclose any Health Insurance Portability and Accountability Act
(HIPPA) sensitive information. Any information collected about the individuals was kept private
and safe under password protected computers. Succeeding records will also be held private and
erased after four years.
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Figure 3
Map of Data Collection Area

Note. Where pre- and post-assessments will take place and each exercise
intervention day will take place in the black top and grass area.

Once individuals read and signed the consent and media forms, then they were asked to
fill out a questionnaire that included questions about their medical history and current state of
wellness (see Appendix A).
Pre-Intervention Assessment. The participants underwent a series of tests to determine
their flexibility, strength, and functional movement patterns. The series of assessments included
the FMS test, goniometer measurements, and grip strength measurements, and jump tests.

27

Participants were also informed about an activity log they will have to complete at the end of the
study.
Group Assignment
The lead researcher randomly generated treatment allocations within sealed opaque
envelopes. The envelopes were sequentially numbered and randomized, and each subject was
asked to pick an envelope. This form of concealment in the randomization of groups was done to
prevent the scheduling of treatment to subjects with particular characteristics (Torgerson &
Roberts, 1999). The researcher maintained a master list of the subjects along with their assigned
group and participant number. The participant number was used when collecting data from each
subject.
Procedures for the Treatment and Control Groups
After completing the pre-assessment, those who were randomly assigned to the
Treatment group were instructed to attend an evening exercise program in addition to their
regularly scheduled work. The program lasted a total of 8 weeks. The Treatment group attended
approximately 3 sessions a week during the 8-week study, for a total of 24 sessions. Eight-week
periods have been found to show positive results within resistance training, flexibility, and
muscle adaptation (Kenny et al., 2015).
The researcher led the exercise program for the Treatment group. The group performed
resistance, flexibility, and stability training exercises that were alternated to target upper
extremity and lower extremities so that all body parts were encompassed. Each session occurred
at the end of the day and incorporated stretching at the end of the session. Warm-up stretches
were performed to ensure muscles are warmed up for exercises and help increase flexibility
(Montgomery et al., 2008; Sermaxhaj et al., 2017). There were multiple stations set up for
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different exercises and the subjects went through a circuit like rotation while the researcher
walked around to ensure that the Treatment group members were using proper form.
Additionally, progressions to the exercises were made to avoid a plateau effect (Herrick & Stone,
1996). Progressions were used when subjects were able to perform sets of exercises (and their
repetitions) with ease while demonstrating proper form. Progressions for each subject was
recorded by the researcher and stored in folders developed for each subject [see Appendix M].
There are some important guidelines to follow when it comes to healthy and safe resistancetraining. The guidelines use for this study were adapted from Thompson’s (2010) suggestions.
Each major muscle group was trained with two to four sets, and each group should have the
different types of exercises affecting the same group. These exercises were multi-joint activities
and involved more than one muscle group. The muscle groups were trained for two to three days
a week, with at least 48 hours between training sessions. Each session should alternate muscle
groups. The repetitions for each set of exercise were prescribed at eight to twelve reps, and each
set should promote fatigue but not complete failure of the muscle to help avoid injuries.
Proper technique was reinforced for all activities in addition to encouraging controlled
movements. Breathing techniques during the sessions were added to the exercise session to
ensure that the exercises were performed with a regular breathing pattern, that focused on
inhaling on the lowering phase and exhaling on the lifting phase. Since this program was an
improvement type resistance program and not a mass building program, exercises were not
overloaded with resistance, sets, repetitions or frequency. The exercise program included
exercises the Treatment group participants have never performed before. To ensure proper form,
the guiding side and non-guiding side started out with the same resistance, sets and repetitions.
Once the Treatment group became adapted to these new exercises, the non-guiding side
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resistance, sets and/or repetitions was increased to see if the guiding dominance side deficits
experienced by the Treatment group could be minimized. Further, if an injury was sustained
during the Treatment period, the subject was examined by the researcher and referred to a
physician. If a participant sustained an injury during the study that prevented them from raft
guiding for longer than a week, the participant was excluded from the study.
The control group did not participate in the exercise training program during the eightweek period. Although they did not participate in the intervention, if a control group member
were to get injured on-the-job, he or she was examined by the researcher and referred to a
physician if needed. At the end of the experiment, both groups were asked to undergo the postassessment (see Post-assessment section).
COVID-19 Procedures
Throughout the duration of the study COVID-19 procedures were followed. The
whitewater rafting company and the Clemson University Institutional Review Board had
COVID-19 policies in place that are updated based on the CDC (n.d.) guidelines. In this study,
the researcher followed several COVID-19 policies. The researcher and study participants were
required to wear face coverings during the pre- and post-assessment meetings and the exercise
sessions. Secondly, the researcher made hand sanitizer available for participants throughout the
study. In case any Treatment group participant needed exercise form correction, the researcher
used hand sanitizer between corrections, which required hands-on instructions. Additionally, the
researcher also sanitized her hands during the pre- and post-assessment sessions as she needed to
touch participants to obtain proper goniometer readings. All equipment and surfaces used during
the pre- and post-assessment sessions were sanitized between each participants’ session.
Treatment group participants were distanced 6 feet apart from each other during the exercise
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training sessions, and each participant filled out a symptoms, exposure and diagnosis checklist
and had their temperature checked before the pre- and post-screening process. Treatment group
participants were also temperature checked before each exercise session. If a participant was
diagnosed with COVID-19 or had to be quarantined due to exposure during the program, they
could miss up to 6 sessions before being removed as a participant from the study.
Post-Intervention Procedures
Once the exercise intervention period was complete, both groups signed up for 45-minute
time slots with the researcher to assess post-measurement results. Participants also underwent
tests to determine their flexibility, strength, and functional movement patterns, and the Treatment
group was asked to submit their activity logs. The Treatment group time slot was extended to 1hour in order to complete an interview about their experience with the exercise training program.
Measures
Various data was collected throughout this study. The data collected for this study
included demographic information; Functional Movement Screening scores; goniometer
measurements of the neck, shoulders, hips, knees, and ankles; hand grip dynamometer for both
hands; and jump tests.
Demographic Information
The participant demographic variables that were collected include age, number of years
whitewater raft guiding, dominant side in everyday life and raft guiding, prior COVID-19
diagnosis, and currently seeing a healthcare provider [see Appendix A]. These demographics
were collected to acquire a baseline information from the participants, but also to track the
changes that occurred due to participation in the intervention. The number of years raft guiding,
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guiding side dominance, and experience-level could also affect functional movement (Matz &
Nibbelink, 2004).
Functional Movement Screening Score
To assess functional movement, the FMS test was used. The FMS included seven tests
that must be performed: inline lunge, hurdle step, deep overhead squat, shoulder mobility, active
straight leg raise, trunk stability and rotary stability [Appendix H] (Shultz et al, 2013). The seven
tests were scored according to the standard FMS protocol [Appendix H]. Once the FMS
evaluation was complete, a composite score was documented in a Microsoft Excel® spreadsheet
and uploaded into IBM® SPSS® Statistics to be later assessed by the researcher.
These tests allowed for the subjects to perform functional movement while allowing a
trained professional to quickly identify any deficits in the subject’s patterns of movement
(Chorba et al, 2010). The FMS is commonly used by ATCs and DPTs to evaluate their
athletes/patients before, during and after a rehabilitation protocol or injury
prevention/intervention protocol (Kiesel et al., 2011; Teyhen et al., 2014). The movements that
are required to properly perform the FMS test require full range of functional movement and
stability of the kinetic chain, but the test was created to challenge the chain’s stability as well as
mobility (Chorba et al, 2010; Gray Cook et al, 2014).
Strength
To better understand the subjects’ overall strength, tests for lower and upper extremity
strength were utilized.
Upper Extremity Strength Tests. Handgrip dynamometers were utilized to measure
subjects’ grip strength (Peolsson et al., 2001; Thorngren & Warner, 1979; Wang et al., 2018).
Handgrip strength has multiple factors that influence scores, such as age, sex, hand size, grip
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span, posture as well as shoulder, forearm, and hand positioning (España-Romero et al., 2008;
España-Romero et al., 2010; Firrell & Crain 1996; Kato et al., 2004; Mathiowetz et al., 1985;
Richards et al., 1996; Ruiz et al., 2006; Ruiz-Ruiz et al., 2002; Su et al., 1994; Watanabe et al.,
2005). While some sources say testing elbow positioning isn’t clear (Balogun et al., 1991;
Desrosiers et al., 1995; Ferraz et al., 1992; Kuzala & Vargo, 1992; Mathiowetz et al., 1985;
Oxford, 2000), the American Society of Hand Therapists (ASHT) says the test should be
performed when the elbow is at 90 flexion (España-Romero et al., 2010).
Lower Extremity Strength Tests. The tests to be utilized for lower extremity strength
progression of each subjects included the broad jump test, single leg broad jump test and single
leg triple jump test, and scores were recorded in Excel [see Appendices B & K]. Single-leg
horizontal hop tests illustrated a subject’s power, strength, and kinesthesia; these have been used
to track and assess any progress that has been made during a training program or rehabilitation
protocol (Ross et al., 2002). Broad jump test is a field test that assesses the explosive power of
the lower body, and the test is low cost when little equipment is available (Burr et al., 2008;
Krishnan et al., 2017; Moresi et al., 2011; Stauffer et al., 2010). Performance on this test is
highly and directly correlated with lean leg volume and the total force that is produced by the
leg’s muscle fibers (Davies, 1990; Krishnan et al., 2017). They have also been used to illustrate
strengths and weaknesses of the lower body (Graham, 1994; Hedrick & Anderson, 1996;
Klavora, 2000).
Range of Motion
Mobility assessments are an important part in clinical assessments and examinations
(Fieseler et al., 2015). Impairments and limitations in ROM assist ATCs and DPTs in assessing
improvements or determining functional limitations (Kolber & Hanney, 2012). ATCs and DPTs
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utilize the goniometer to measure each joint’s flexibility and ROM (Norkin & White, 2016). The
measurements show whether subjects are hypermobile or hypomobile. Having the subjects
perform active joint motions allowed for the discovery of abnormal movements and side-to-side
deficits (Fieseler et al., 2017; Fieseler et al., 2015). Intra-class correlation coefficient (ICC) for
the goniometer is  0.94 (Kolber & Hanney, 2012). In this study, goniometer measurements were
taken of the neck, shoulders, elbows, hips, knees, and ankles [see Appendices B & I].
Interview
An interview was also conducted with participants in the Treatment group at the end of
the study. The interview protocol included the following questions:

1. What made you interested in this study?
2. When paddle whitewater raft guiding, have you been concerned
about acquiring injuries? If so, on a scale of 1-10 how concerned have you been?
3. List the physical activities you typically participate in during the season and year that is
other than raft guiding.
4. Describe the experience of completing this program while guiding at the same time.
5. What aspects, if any, would you change about this program?
6. Overall, how did your body feel during this program?
7. Are you satisfied with any outcome(s) you may have experienced due to participating in
this program?
8. If you are a returning guide please answer, how did your body/mind feel during this
season with or without the program
9. If any, what are some past experiences you have had with exercise programs?
10. If any, what are some of your experiences with prehab and/or rehab programs?
11. After completing this program and learning about the importance of prehab exercises,
what is the chance of you continuing to keep up with this protocol independently?
1. If yes, how many times per week do you expect you will complete the exercises?
The interview allowed the researcher to obtain feedback from the subjects who completed
the intervention to determine their experiences and perceptions of the program. This interview
took approximately 15 minutes to complete, was conducted face-to-face and recorded via Zoom.

34

The transcripts created by Zoom were double checked by the researcher. The responses were
input into a Microsoft Word® document to be coded.
Data Analysis
The data analysis plan determined the effects of the intervention on functional movement,
strength, and flexibility. The first step was to examine the data for missing values. Missing
values could occur for various reasons. Some participants, for example, may drop out of the
study, while others may be dropped by the researcher due to missing the pre- or post-intervention
assessments or missing too many classes in the case of the Treatment group. If this occurs, their
data was removed from the study’s data pool. The researcher used the listwise deletion method to
deal with the missing data (McNeish, 2017).
After assessing the data for missing values, descriptive statistics were performed to
examine the characteristics among the participants and to ensure that the Treatment and Control
groups were comparable. Descriptive statistics required the use of demographic information
including age, years rafting, hand dominant side, guiding side, and have been diagnosed with
COVID-19 or not.
Further, to compare scores between the experimental and control group on functional
movement, strength, and flexibility, an independent t-test was conducted. The independent t-test
determined whether there was a significant difference within the mean across the Control and
Treatment group as it relates to their FMS composite score, goniometer and hand grip
dynamometer scores.
A paired t-test was then conducted to compare the pre- and post-measures within each
group. The paired t-test was used to address if there was a meaningful difference between the
pre- and post-FMS, goniometer, and hand grip dynamometer scores (Trochim & Donnelly,
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2008). As indicated by the literature, an increase in an FMS, goniometer and hand grip
dynamometer score in theory should decrease the likelihood for injuries (Bonazza et al., 2016).
Interview Data
An open, axial, and selective coding strategy was used for the interview data. This type of
approach allowed for important themes to be identified, codified, and interpreted in accordance
with the study focus and associated literature (Williams & Moser, 2019). This data loop process
required the researcher to fully understand the data by reading and rereading the data
continuously (Williams & Moser, 2019). The need to fully understand the themes was vital and
creating a code prematurely may hinder any potential association of theme that may appear
(Williams & Moser, 2019).
The first step in this coding strategy was open coding. Open coding is when the data is
broken up into themes and distinct concepts to help categorize and eventually lead to an
explanation (Williams & Moser, 2019). Line-by-line coding will be utilized during open coding
to determine the initial codes. This allows the researcher to fully engage with the data, recognize
and codify any nuances and hidden connected themes with other activities (Carey et al., 1996;
Williams & Moser, 2019). Utilizing single words and phrases that commonly come up
throughout each subject’s data is how themes are created. The researcher noted themes and
patterns, frequently counted codes, and compared the different themes (Miles & Huberman,
1994). Each theme was assigned a code.
Axial coding was utilized to refine, align, and categorize the themes to allow for the data
being analyzed to be more manageable (Williams & Moser, 2019). Axial coding illustrates any
relationship the open codes may present and help with creating major/core codes, that will then
overlap open codes to increase the strength of supporting evidence (Corbin & Strauss, 1990;
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Corbin & Strauss, 2014; Williams & Moser, 2019). The researcher continued to engage in
analysis, cross referencing and refine themes to achieve this (Williams & Moser, 2019).
Selective coding allows for the researcher to select and integrate the different categories
of the data from the axial coding in a cohesive and significant expression (Williams & Moser,
2019). Aligning the main theme to of coded categories allows for even further refinement
(Williams & Moser, 2019). Causality and predictability may emerge during this refining process,
identifying these circumstances when responses elicit responses that suggest circumstances of
different responses. Selective coding is challenging since it influences the theoretical constructs
and how meaning is presented and the impact of the findings (Williams & Moser, 2019).
Threats to Reliability and Validity
Internal threats to validity are present within this study, and they include the FMS,
goniometer, hand grip dynamometer and jump test reliability and validity, history, maturation,
and experimental mortality (Babbie, 2011; Price et al., 2015). There are also threats to external
validity due to the small sample size and the inability to generalize findings from this study to a
greater population (Babbie, 2011).
Reliability and Validity of Measures. Researchers have discussed the FMS’s reliability
and ability to predict injury (Bonazza et al., 2016; Shultz et al, 2013). The FMS has a high intrarater reliability (0.81), but there has been concern with the reliability among different raters
(Bonazza et al., 2016; Shultz et al., 2013). Increasing the education of FMS and practicing the
seven FMS tests has led to an improvement in these numbers (Bonazza et al., 2016). To increase
the reliability of the FMS tests, the lead researcher was FMS level 1 certified to ensure that the
proper testing and scoring measurements were recorded.
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The hand grip dynamometer has a high reliability and validity as well as a high inter- and
intra-rater reliability (Mafi et al., 2012). Research has shown the Camry electronic hand-held
dynamometer has an inter-rater reliability of 0.94 for the elbow at 90 flexion, for the right hand,
and 0.91 for the left hand, and then with the elbow extended, reliability for the right side was
0.98, and for the left side was 0.97 (Mani et al., 2019). The Camry dynamometer is also
advantageous due to its ability to create a profile for each participant, and it can also keep track
of the past scores for up to 19 users (Mani et al., 2019; Roberts et al., 2011).
Further, the four jump tests that were utilized to assess strength include vertical jump,
broad jump, single leg broad jump and single leg triple hop tests. According to research studies,
there are high intra-rater ratings (Ross et al., 2002; Carlock et al., 2004; Reid et al., 2017) for the
four jump tests, and to account for this, the lead researcher was the one to collect and measure all
pre- and post-tests data. Single-leg broad hop has an intraclass correlation coefficients [ICC] of
0.92, and the single leg triple hop has an ICC of 0.97 (Ross et al., 2002). The counter movement
vertical jump has an ICC of 0.94 and the broad jump has an ICC of 0.99 (Markovic et al., 2004;
Carlock et al., 2004; Reid et al., 2017).
Goniometry has an ICC of 0.91 (Mullaney et al., 2010). According to one study, one
participant and one measurement is as reliable as multiple measurements in a session (Boone et
al., 1978). The same goniometer was utilized for every body part to keep the scores consistent.
Bias. The researcher introduced bias into the study due to her position within the
outfitter. For example, she developed the exercise training program for co-workers, and she also
collected the data. To combat this potential bias, the researcher video recorded the pre- and postintervention sessions the exercise sessions to ensure the same protocol and scoring measurements
were followed for every subject.
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Experimental Mortality. Another potential complication for this study is the
participation of each of the group members. There is the risk of participants becoming excluded
from the study for missing sessions or becoming injured; at other times, participants may drop
out of the study before the data collection is complete.
Once the subjects are randomly assigned a group, they will remain in that randomly
assigned group. The Treatment group was more closely monitored since they and the lead
researcher met three times a week. If any subjects from the Treatment group become injured at
any time they were excluded from the study. Additionally, the researcher checked in with the
Control group every couple of weeks throughout the eight weeks to make sure they had not
experienced any injuries that would disqualify them from the study. If any Control group
member is informed and performed the intervention exercises during the time this study takes
place, the participant and associated data was excluded from the final data analysis (Babbie,
2011). In the event that those assigned to the Control group asked the researcher to switch to the
treatment group, the researcher informed the participants that they would only receive the
treatment assigned for their group.
History and Maturation. History and maturation could cause a potential threat to
internal validity. History accounts for other outside factors that are unrelated to the treatment but
may still affect test results. Maturation references any changes that may have affected the
participant over a period of time changing the outcomes of the experiment. To account for
history and maturation, random selection for subjects to be in the Treatment or Control groups
helped decrease systematic bias in the groups. To ensure each subject was given the same
instructions of testing and exercise performance and form correcting, the researcher videotaped
herself to help ensure the study protocol was being followed.
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Diffusion. An added concern in this study is the potential crossover of Control and
Treatment groups, referring to the Control group members taking part in the intervention
protocol, not allowing a true “control” measure to be taken. This could happen if a Treatment
group participant teaches a participant from the Control group the prescribed exercises, and the
Control group participant decided to practice those exercises in their own time. To account for
potential crossover, the researcher asked the Treatment group to not inform the Control group
about the exercises used in this intervention. Throughout the study, the Treatment group was
reminded to not disclose the program details. While some leakage of information is always
possible, reminding the participants they shouldn’t be disclosing the exercise program
information diminished the sharing of information. Each session was held in an area secluded
away from the Control group. If any subjects from the Control group entered this area during a
session, they were kindly asked to leave, and the session were paused until they left. After the
study was completed, the Control group was allowed access to the intervention’s exercises.
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CHAPTER FOUR
RESULTS
Presented in this chapter are the study findings. Data collected during this research study
aimed to answer the research question: Will improvements in functional movement, strength and
flexibility differ in paddle whitewater raft guides receiving an 8-week program, in addition to
working full time (Treatment) versus paddle whitewater raft guides only working full time
(Control). The demographics of the population will be presented first, followed by the results
answering the research question.
Demographics
Demographic information was collected at the beginning of the study to ensure groups
were comparable (see Table 1). Age and years guiding were significantly different. There was a
comparable number of female and male participants in the study. Additionally, all study
participants were right-handed and guided on their right side. None of the study participants were
under the supervision of a healthcare provider.
Table 1
Independent t-test Sample Characteristics by Group Assignment
Demographic
Treatment
Control
(n=5)
(n=6)
Average Age (yrs)
26.6
26.7
(20-33)
(21-37)
Years’ Experience in Paddle
6
5
Whitewater Raft Guiding
(1-16)
(1-13)
Sex
Female
3 (60)
3 (50)
Male
2 (40)
3 (50)
Diagnosed with COVID-19
ever
Yes
1 (20)
2 (33.33)
No
4 (80)
4 (66.67)
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Test Results
p=0.000***
p=0.005**
x2=0.11
p=0.608
x2=0.244
p=0.576

Differences in Testing Scores between Groups
An independent samples t-test was conducted to evaluate the hypothesis that the
Treatment group participants would experience an increase in functional movement, flexibility,
and strength when compared to the Control group. Counter to the hypothesis, only the shoulder
external rotation flexibility score was found to be statistically significant (MControl = 83.33 vs
MTreatment = 90; t=0.91, p<.05) while the other individual and composite scores were not
significant. The Treatment and Control groups also participated in many activities other than
working as a raft guide. Many of the subjects reported engaging in whitewater kayaking,
running, hiking, swimming, playing volleyball and climbing. These activities could have also
affected the results.
Table 2
Testing Score Comparison between Treatment and Control Groups
Post-Intervention Scores
Test
FMS
Composite
Score
Broad Jump
Single Leg
Broad Jump
Single Leg
Triple Jump
Power Grip
Strength
Cervical
Flexion
Cervical
Extension
Cervical
Lateral
Flexion
Cervical
Rotation

n
6

t

p

1.15

0.17

10.37
18.63

6
6

-0.04
-0.43

0.91
0.86

148.37

25.41

6

-0.65

0.29

5

66.92

18.70

6

0.22

0.67

6.71

5

63.83

10.19

6

1.53

0.62

70.40

7.13

5

72.00

13.73

6

-0.23

0.22

44.20

2.95

5

42.17

9.50

6

0.46

0.17

62.20

9.60

5

62.83

9.97

6

-0.12

0.96

M
19.00

Treatment
SD
1

M
18.17

Control
SD
1.33

n
5

57.81
30.53

9.95
17.64

5
5

58.07
35.32

139.49

18.51

5

69.44

19.40

72.00
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Shoulder
Flexion
Shoulder
Internal
Rotation
Shoulder
External
Rotation
Elbow
Flexion
Wrist
Flexion
Wrist
Extension
Wrist
Radial
Deviation
Wrist Ulnar
Deviation
Hip Flexion
Hip Internal
Rotation
Hip
External
Rotation
Knee
Flexion
Ankle
Dorsiflexion
Ankle
Plantar
Flexion
Ankle
Midtarsal
Inversion
Ankle
Midtarsal
Eversion
Note. *p < .05

157.20

4.76

5

151.33

7.39

6

1.52

0.58

58.00

13.51

5

51.33

6.12

6

1.09

0.23

90.00

0.00

5

83.33

16.33

6

0.91

0.05*

141.00

4.95

5

136.00

4.47

6

1.76

0.94

74.40

5.41

5

80.33

5.61

6

-1.77

0.81

53.40

10.99

5

54.67

4.27

6

-0.26

0.17

21.00

5.48

5

27.17

5.00

6

-1.95

0.73

46.40

6.54

5

41.83

5.81

6

1.23

0.99

77.00
39.80

9.30
11.58

5
5

70.17
36.33

13.85
9.65

6
6

0.94
0.54

0.60
0.74

44.80

6.38

5

38.50

8.29

6

1.39

0.77

147.40

12.40

5

141.50

6.19

6

1.03

0.07

7.20

2.17

5

5.17

3.82

6

1.05

0.12

34.60

16.98

5

52.00

16.72

6

-1.71

0.92

33.80

6.18

5

33.50

8.80

6

0.06

0.46

17.60

6.11

5

24.50

8.76

6

-1.48

0.43
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Differences in Testing Scores within Groups
Paired-samples t-tests were conducted to evaluate whether there was a change within
each respective group in terms of functional movement, flexibility, and strength. For the
Treatment group, the results indicated that the participants experienced a statistically significant
increase in FMS composite score within the pre- (M=16.80, SD=0.45) and post-test (M=19.00,
SD=1), t(4)=-3.77, p=.02 (see Table 3). Other notable statistical differences included the hip
internal rotation [(M=33.40, SD=11.19) (M=39.80, SD=11.58), t(4)=-2.93, p=.04], hip external
rotation [(M=40.20, SD=8.26) (M=44.80, SD=6.38), t(4)=-2.82, p=.05], and knee flexion
[(M=139.40, SD=9.50), t(4)=-4.16, p=.01] (see Table 3).
Table 3
Treatment Group Scores
Test
Pre-intervention
M
SD
FMS
16.80
0.45
Composite
Score
Broad Jump
56.12
7.01
Single Leg
31.48
17.95
Broad Jump
Single Leg
136.75
14.63
Triple Jump
Power Grip
66.42
20.28
Strength
Cervical
58.80
8.93
Flexion
Cervical
66.20
9.91
Extension
Cervical
36.40
5.60
Lateral
Flexion
Cervical
67.40
9.29
Rotation
Shoulder
150.20
6.38
Flexion

n
5

Post-intervention
M
SD
n
19.00
1
5

t

p

-3.77

0.02*

5
5

57.81
30.53

9.95
17.64

5
5

-0.85
0.08

0.44
0.94

5

139.49

18.51

5

-0.51

0.64

5

69.44

19.40

5

-1.57

0.19

5

72.00

6.71

5

-2.60

0.06

5

70.40

7.13

5

-0.83

0.46

5

44.20

2.95

5

-2.30

0.08

5

62.20

9.60

5

1.39

0.24

5

157.20

4.76

5

-2.17

0.10
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Shoulder
49.60
Internal
Rotation
Shoulder
83.80
External
Rotation
Elbow
143.60
Flexion
Wrist
75.00
Flexion
Wrist
60.80
Extension
Wrist
24.40
Radial
Deviation
Wrist Ulnar
42.40
Deviation
Hip Flexion
68.20
Hip Internal
33.40
Rotation
Hip
40.20
External
Rotation
Knee
139.40
Flexion
Ankle
5.60
Dorsiflexion
Ankle
25.00
Plantar
Flexion
Ankle
27.60
Midtarsal
Inversion
Ankle
20.20
Midtarsal
Eversion
Note. *p < .05. **p < .01

2.70

5

58.00

13.51

5

-1.55

0.20

10.83

5

90.00

0.00

5

-1.28

0.27

4.10

5

141.00

4.95

5

1.44

0.22

4.53

5

74.40

5.41

5

0.17

0.87

11.58

5

53.40

10.99

5

2.67

0.06

7.40

5

21.00

5.48

5

1.47

0.22

11.61

5

46.40

6.54

5

-1.21

0.29

15.55
11.19

5
5

77.00
39.80

9.30
11.58

5
5

-1.42
-2.93

0.23
0.04*

8.26

5

44.80

6.38

5

-2.82

0.05*

9.50

5

147.40

12.40

5

-4.16

0.01**

4.04

5

7.20

2.17

5

-0.65

0.55

16.99

5

34.60

16.98

5

-1.18

0.31

13.90

5

33.80

6.18

5

-1.28

0.27

8.84

5

17.60

6.11

5

0.55

0.61

Additionally, the paired-samples t-tests conducted on the Control group data displayed a
statistically significant increase in wrist radial deviation by the end of the 8-weeks (M=25.00,
SD=4.52) (M=27.17, SD=5.00), t(5)=-3.61, p=.02] (see Table 4).
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Table 4
Control Group Scores
Test
Pre-intervention
M
SD
FMS
17.50
1.87
Composite
Score
Broad Jump
64.93
11.71
Single Leg
35.07
18.91
Broad Jump
Single Leg
154.45
30.65
Triple Jump
Power Grip
69.80
25.02
Strength
Cervical
64.83
10.17
Flexion
Cervical
74.83
12.32
Extension
Cervical
39.17
7.81
Lateral
Flexion
Cervical
61.83
12.09
Rotation
Shoulder
152.17
3.92
Flexion
Shoulder
51.17
6.80
Internal
Rotation
Shoulder
82.50
18.37
External
Rotation
Elbow
139.83
5.60
Flexion
Wrist
79.50
6.09
Flexion
Wrist
58.33
5.05
Extension
Wrist
25.00
4.52
Radial
Deviation
Wrist Ulnar
34.67
12.75
Deviation
Hip Flexion
75.67
12.21

n
6

Post-intervention
M
SD
n
18.17
1.33
6

t

p

-1.35

0.24

6
6

58.07
35.32

10.37
18.63

6
6

2.01
-0.11

0.10
0.92

6

148.37

25.41

6

1.19

0.29

6

66.92

18.70

6

0.51

0.63

6

63.83

10.19

6

0.38

0.72

6

72.00

13.73

6

0.48

0.65

6

42.17

9.50

6

-1.39

0.22

6

62.83

9.97

6

-0.13

0.90

6

151.33

7.39

6

0.31

0.77

6

51.33

6.12

6

-0.08

0.94

6

83.33

16.33

6

-1.00

0.36

6

136.00

4.47

6

1.27

0.26

6

80.33

5.61

6

-0.31

0.77

6

54.67

4.27

6

1.70

0.15

6

27.17

5.00

6

-3.61

0.02*

6

41.83

5.81

6

-1.27

0.26

6

70.17

13.85

6

2.05

0.10
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Hip Internal
Rotation
Hip
External
Rotation
Knee
Flexion
Ankle
Dorsiflexion
Ankle
Plantar
Flexion
Ankle
Midtarsal
Inversion
Ankle
Midtarsal
Eversion
Note. *p < .05.

34.67

8.41

6

36.33

9.65

6

-0.70

0.51

38.00

2.83

6

38.50

8.29

6

-0.16

0.88

138.33

7.50

6

141.50

6.19

6

-1.05

0.34

7.17

8.54

6

5.17

3.82

6

0.74

0.50

33.17

11.25

6

52.00

16.72

6

-2.36

0.07

30.50

6.03

6

33.50

8.80

6

-0.91

0.41

12.67

5.57

6

24.50

8.76

6

-2.33

0.07

A paired-samples t-tests was conducted on the Treatment group data to compare
functional movement, flexibility, and strength the left versus the right side of the body. For the
Treatment group, the results indicated that the participants experienced a statistically significant
increase in FMS rotary stability on the left [(M=1.80, SD=0.45) (M=3.00, SD=0.00), t(4)=-6.00,
p=.004], wrist extension left [(M=65.00, SD=11.34) (M=59.40, SD=9.89), t(4)=2.85, p=.05],
hip internal rotation left [(M=35.40, SD=11.33) (M=42.00, SD=13.98), t(4)=-3.24, p=0.03],
knee flexion right [(M=140.20, SD=9.31) (M=151.60, SD=12.52), t(4)=-3.37, p=0.03], knee
flexion left [(M=141.40, SD=8.30) (M=148.00, SD=11.51), t(4)=-3.36, p=0.03], and ankle
dorsiflexion left [(M=5.60, SD=4.04) (M=11.80, SD=4.32), t(4)=-3.21, p=0.03] (see Table 5).
Table 5
Treatment Group Right VS. Left Scores
Test
Pre-intervention
M
SD
n
Single Leg
41.67
1.98
5
Broad Jump
Right

Post-intervention
M
SD
n
43.66
6.50
5
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t

p

-0.85

0.45

Single Leg
Broad Jump
Left
Single Leg
Triple Jump
Right
Single Leg
Triple Jump
Left
Power Grip
Strength
Right
Power Grip
Strength
Left
FMS Hurdle
Step Right
FMS Hurdle
Step Left
FMS Inline
Lunge Right
FMS Inline
Lunge Left
FMS
Shoulder
Mobility
Right
FMS
Shoulder
Mobility
Left
FMS Active
Straight-Leg
Raise Right
FMS Active
Straight-Leg
Raise Left
FMS Rotary
Stability
Right
FMS Rotary
Stability
Left
Cervical
Lateral

34.83

21.07

5

31.91

19.09

5

0.20

0.85

144.14

14.67

5

145.98

17.94

5

-0.34

0.75

141.20

19.88

5

146.66

26.36

5

-0.93

0.41

73.90

29.74

5

73.37

24.54

5

0.16

0.88

68.84

17.97

5

70.33

19.01

5

-1.97

0.12

2.20

0.45

5

2.60

0.55

5

-1.63

0.18

2.20

0.45

5

2.80

0.55

5

-2.45

0.07

2.60

0.55

5

3.00

0.00

5

-1.63

0.18

2.20

0.45

5

2.80

0.45

5

-2.45

0.07

3.00

0.00

5

3.00

0.00

5

2.80

0.45

5

2.80

0.45

5

2.60

0.55

5

2.60

0.55

5

2.60

0.55

5

2.60

0.55

5

2.20

0.84

5

2.80

0.45

5

-1.18

0.31

1.80

0.45

5

3.00

0.00

5

-6.00

0.004**

38.00

4.30

5

45.20

4.44

5

-2.10

0.10
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Flexion
Right
Cervical
Lateral
Flexion Left
Cervical
Rotation
Right
Cervical
Rotation
Left
Shoulder
Flexion
Right
Shoulder
Flexion Left
Shoulder
IROT Right
Shoulder
IROT Left
Shoulder
EROT
Right
Shoulder
EROT Left
Elbow
Flexion
Right
Elbow
Flexion Left
Wrist
Flexion
Right
Wrist
Flexion Left
Wrist
Extension
Right
Wrist
Extension
Left
Wrist
Radial
Deviation
Right

45.60

10.43

5

51.00

7.48

5

-1.52

0.20

68.80

9.47

5

64.40

7.96

5

1.19

0.30

73.80

9.88

5

65.60

11.06

5

1.19

0.30

153.60

7.86

5

157.20

4.76

5

-1.14

0.32

158.80

8.59

5

162.20

4.66

5

-1.05

0.35

52.60

7.93

5

58.00

13.51

5

-0.88

0.43

59.00

5.96

5

68.80

14.11

5

-1.39

0.24

88.80

2.68

5

90.00

0.00

5

-1.00

0.37

83.80

10.83

5

90.00

0.00

5

-1.28

0.27

145.00

5.52

5

142.60

5.41

5

0.76

0.49

144.80

3.49

5

143.60

3.98

5

0.91

0.41

79.00

6.21

5

77.00

8.52

5

0.89

0.42

77.80

5.45

5

78.80

3.11

5

-0.28

0.79

61.00

11.64

5

55.00

11.31

5

1.57

0.19

65.00

11.34

5

59.40

9.89

5

2.85

0.05*

26.80

6.87

5

22.00

5.66

5

1.89

0.13
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Wrist
Radial
Deviation
Left
Wrist Ulnar
Deviation
Right
Wrist Ulnar
Deviation
Left
Hip Flexion
Right
Hip Flexion
Left
Hip IROT
Right
Hip IROT
Left
Hip EROT
Right
Hip EROT
Left
Knee
Flexion
Right
Knee
Flexion Left
Ankle
Dorsiflexion
Right
Ankle
Dorsiflexion
Left
Ankle
Plantar
Flexion
Right
Ankle
Plantar
Flexion Left
Ankle
Midtarsal
Inversion
Right
Ankle
Midtarsal

27.00

9.57

5

26.00

7.31

5

0.24

0.82

42.40

11.61

5

48.80

4.60

5

-1.44

0.22

48.00

8.57

5

47.20

7.29

5

0.32

0.76

77.80

6.14

5

81.40

7.27

5

-0.86

0.44

70.80

17.41

5

77.00

9.30

5

-0.94

0.40

35.60

10.16

5

42.00

9.93

5

-2.23

0.09

35.40

11.33

5

42.00

13.98

5

-3.24

0.03*

45.60

12.54

5

51.60

8.08

5

-1.51

0.21

42.40

5.03

5

44.80

6.38

5

-1.47

0.22

140.20

9.31

5

151.60

12.52

5

-3.37

0.03*

141.40

8.30

5

148.00

11.51

5

-3.36

0.03*

5.60

4.04

5

11.80

4.32

5

-3.21

0.03*

14.00

5.57

5

8.60

2.61

5

1.70

0.16

27.80

14.79

5

41.20

19.77

5

-1.79

0.15

31.40

17.13

5

41.00

12.02

5

-1.12

0.33

33.00

17.86

5

37.00

4.80

5

-0.64

0.56

32.40

8.44

5

35.00

8.00

5

-0.58

0.59

50

Inversion
Left
Ankle
23.80
12.85
Midtarsal
Eversion
Right
Ankle
25.60
5.86
Midtarsal
Eversion
Left
Note. *p < .05, ***p < .001.

5

24.60

6.31

5

-0.20

0.85

5

18.60

5.98

5

1.80

0.15

A paired-samples t-tests was conducted on the Control group data to compare functional
movement, flexibility, and strength the left versus the right side of the body. For the Control
group, the results indicated that the participants experienced a statistically significant in wrist
extension left [(M=64.33, SD=3.78) (M=56.17, SD=4.62), t(5)=-2.68, p=0.04], ankle plantar
flexion right [(M=33.50, SD=10.73) (M=56.17, SD=17.50), t(5)=-2.95, p=0.03], ankle midtarsal
eversion right [(M=16.67, SD=8.38) (M=32.00, SD=9.14), t(5)=-3.03, p=0.03] (see Table 6).
Table 6
Control Group Right VS. Left Scores
Test
Pre-intervention
M
SD
Single Leg
36.18
18.76
Broad Jump
Right
Single Leg
48.66
12.49
Broad Jump
Left
Single Leg
157.79
29.85
Triple Jump
Right
Single Leg
156.91
30.35
Triple Jump
Left
Power Grip
76.31
23.88
Strength
Right

n
6

Post-intervention
M
SD
n
36.44
19.12
6

t

p

-0.1

0.93

6

44.04

7.99

6

1.35

0.23

6

154.35

24.04

6

0.43

0.68

6

148.57

25.62

6

1.87

0.12

6

78.69

22.63

6

-0.60

0.57
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Power Grip
Strength
Left
FMS Hurdle
Step Right
FMS Hurdle
Step Left
FMS Inline
Lunge Right
FMS Inline
Lunge Left
FMS
Shoulder
Mobility
Right
FMS
Shoulder
Mobility
Left
FMS Active
Straight-Leg
Raise Right
FMS Active
Straight-Leg
Raise Left
FMS Rotary
Stability
Right
FMS Rotary
Stability
Left
Cervical
Lateral
Flexion
Right
Cervical
Lateral
Flexion Left
Cervical
Rotation
Right
Cervical
Rotation
Left

70.62

24.31

6

67.57

18.89

6

0.56

0.60

2.5

0.55

6

2.67

0.52

6

-0.54

0.61

2.33

0.52

6

2.50

0.55

6

-0.54

0.61

2.50

0.55

6

2.67

0.52

6

-0.54

0.61

2.67

0.52

6

2.67

0.52

6

2.67

0.52

6

3.00

0.00

6

-1.58

0.18

2.17

0.75

6

2.67

0.52

6

-2.24

0.08

2.67

0.52

6

2.33

0.52

6

1.58

0.18

2.67

0.52

6

2.33

0.52

6

1.58

0.18

2.33

0.52

6

2.67

0.52

6

-1.00

0.36

2.83

0.41

6

2.50

0.55

6

1.58

0.18

44.00

10.10

6

44.33

10.44

6

-0.11

0.92

45.00

13.61

6

44.50

7.18

6

0.11

0.92

62.83

11.02

6

65.00

10.35

6

-0.34

0.75

67.33

12.75

6

65.33

10.39

6

0.36

0.73
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Shoulder
Flexion
Right
Shoulder
Flexion Left
Shoulder
IROT Right
Shoulder
IROT Left
Shoulder
EROT
Right
Shoulder
EROT Left
Elbow
Flexion
Right
Elbow
Flexion Left
Wrist
Flexion
Right
Wrist
Flexion Left
Wrist
Extension
Right
Wrist
Extension
Left
Wrist
Radial
Deviation
Right
Wrist
Radial
Deviation
Left
Wrist Ulnar
Deviation
Right
Wrist Ulnar
Deviation
Left
Hip Flexion
Right

154.67

7.53

6

153.50

11.29

6

0.25

0.82

160.50

11.11

6

156.33

7.15

6

1.03

0.35

53.17

9.15

6

51.33

6.12

6

0.63

0.56

55.67

7.69

6

66.67

13.29

6

-1.70

0.15

82.50

18.37

6

83.33

16.33

6

-1.00

0.36

87.50

6.12

6

90.00

0.00

6

-1.00

0.36

142.67

5.88

6

140.67

2.07

6

1.10

0.32

142.00

5.69

6

136.67

5.24

6

1.50

0.20

84.50

7.42

6

83.33

4.27

6

0.26

0.80

84.33

9.11

6

81.83

6.24

6

0.91

0.40

59.83

6.62

6

58.33

5.82

6

0.50

0.64

64.33

3.78

6

56.17

4.62

6

2.68

0.04*

30.83

6.68

6

32.00

7.21

6

-0.33

0.76

28.17

6.97

6

30.33

6.86

6

-0.73

0.50

34.67

12.65

6

42.50

5.65

6

-1.38

0.23

44.50

10.75

6

43.33

5.28

6

0.29

0.78

81.17

10.38

6

81.67

11.54

6

-0.26

0.80
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Hip Flexion
Left
Hip IROT
Right
Hip IROT
Left
Hip EROT
Right
Hip EROT
Left
Knee
Flexion
Right
Knee
Flexion Left
Ankle
Dorsiflexion
Right
Ankle
Dorsiflexion
Left
Ankle
Plantar
Flexion
Right
Ankle
Plantar
Flexion Left
Ankle
Midtarsal
Inversion
Right
Ankle
Midtarsal
Inversion
Left
Ankle
Midtarsal
Eversion
Right
Ankle
Midtarsal
Eversion
Left
Note. *p < .05.

77.67

13.88

6

72.67

14.71

6

1.82

0.13

39.33

13.90

6

39.17

11.46

6

0.05

0.97

39.83

9.24

6

42.17

12.98

6

-0.49

0.65

45.33

12.18

6

45.67

15.07

6

-0.04

0.97

38.00

2.83

6

41.83

4.75

6

-2.34

0.07

139.67

6.98

6

143.17

7.47

6

-1.30

0.25

139.83

8.18

6

142.50

5.86

6

-0.70

0.52

7.50

8.24

6

6.33

4.13

6

0.49

0.65

11.83

9.45

6

7.83

7.06

6

1.72

0.15

33.50

10.73

6

56.17

17.50

6

-2.95

0.03*

42.83

16.06

6

55.83

15.46

6

-1.54

0.18

32.33

6.12

6

35.33

9.83

6

-0.81

0.46

32.67

4.50

6

39.50

7.56

6

-2.10

0.09

16.67

8.38

6

32.00

9.14

6

-3.03

0.03*

18.67

8.48

6

25.83

10.40

6

-0.95

0.39
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During the Treatment group’s qualitative interviews, common themes appeared across
the transcripts. The major themes were motivation, injury preventative, decrease in concern with
injuries, rafting became easier and overall enjoyed the program. Motivation was a main theme
across the interviews, multiple subjects discussed the fact of having someone lead each exercise
session and having someone else create the exercises within each session as well as keeping
track of progression for everyone helped made it easy to stick with. Most of the subjects do not
have much of a history with exercises specific programs or went to exercises classes regularly or
stuck with a workout program on their own at a gym. Some had a history of going to physical
therapy but that was only in the rehabilitation realm and not the preventative realm. “I think that
it just helped me stay in better shape like actively coming here and stretching three times a week
is something I would not have made myself do I feel like that was super useful and all the work
that you know what you're doing so it's also more guided than me like going out and doing
stretches that I would have picked for myself so it was very targeted approach which I liked.”
“Created a routine to take care of my body versus just like getting out on the river and doing all
sorts of like fallacious things to it like carrying rafts and stuff and then not doing anything for it
at all. I think it really helped me like take care of myself.”.
Injury prevention was another theme that was in the qualitative data. Subjects who were
returning raft guides did notice a difference in their body and injuries they typically get each year
when rafting. Asking and already knowing these injuries they usually acquire when rafting,
helped the lead researcher tailor the exercises program to those individuals as well as implement
them for the other subjects just to have everyone covered. “I feel like I'm stronger. Shoulders are
stronger for sure. I have only rolled my ankle once this season and in years past, I’d roll it like
once every two weeks”
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The returning guides noticing their reoccurring injuries decrease or didn’t even occur,
also noticed a decrease in injury concern. The new guides who do not have any other season to
base it off of, noticed a difference in their mentality once the exercise program started versus
when they were rafting at the beginning of the season when they were just rafting. Now this may
have to do with the fact once you get back into the swing of things it becomes easier and second
nature, but exercise programs that target injury prevention also help the subject’s mind be at ease
and not be as concerned with injuries versus without a program (Lynch, 1988). “Because I knew
that I was stretching and working out the parts my body that I needed to be working out to excel
and rafting and like be a healthy raft guide” “There's definitely like a huge mental aspect of
being out here and like pushing through the hard stuff, especially when I'm like pushing myself
physically. But I think overall, like, I learned to be like, nice to myself in my head and like,
persevere and push through the hard things. If that makes sense.” “I think there was an
improvement in both. I don't tend to do physical exercise, and especially stretching outside of
work. And I think that both of those contributed to a peace of mind and personal satisfaction with
how my body felt and behaved.”
This leads into our next theme which is rafting felt easier to the subjects. The exercise
program was designed specifically to target primary and supporting exercises utilized in paddle
whitewater raft guiding. This program was specifically designed the start with the foundational
blocks of exercises and then each week and progression would build off those blocks. Starting
with the small stabilizing muscles and having the subjects activate these specific muscles in a
controlled environment and then adding in the functional movement into the exercises still in the
controlled environment to help correlate over to rafting and that way the correct biomechanics of
raft guiding become second nature in the uncontrollable environment. “My shoulders were never
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sore after a trip.” “I felt like it was I could tell it was helping me build a good foundation for my
guiding muscles…I felt like the exercises and stretches that we were doing, were really helpful
especially on days when my body was feeling tight, or wasn't feeling good, I would walk away
from our sessions and my body would feel good for it.” “Four weeks or so I could feel a
difference and felt stronger” when rafting
Chapter Summary
Results indicated that groups were comparable in terms of demographics, except for age
and years guiding. Additionally, findings indicated that FMS composite, hip internal and external
rotation and knee flexion flexibility measurements were found to be statistically significant while
the strength and other flexibility measurement scores were not. Even though majority of the
measurements were not statistically significant, we did see a trend of overall improvement in the
measurements.
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CHAPTER FIVE
DISCUSSION/CONCLUSION
The purpose of this study was to further investigate whether a new exercise program
could increase functional movement, strength, and flexibility among paddle whitewater raft
guides. The study specifically addressed whether improvements in functional movement,
strength and flexibility differed for paddle whitewater raft guides receiving the exercise training
program in addition to working full time (Treatment) versus paddle whitewater raft guides only
working full time (Control). At the time of the study, no other study had discussed a training
program for paddle whitewater raft guides to help improve their body throughout the season and
longevity.
It was expected that the Treatment group would experience significant increase in
functional movement, flexibility, and strength and decrease the deficits between their guiding
side and non-guiding side via their testing scores compared to the Control group. In this study
the pre- and post-test indicated that the Treatment group participants did have a statistically
significant increase in FMS composite score and three flexibility measurements, the increase was
not statistically significant for strength and the majority of the flexibility measurements. There
was no statistical significance between the two groups as related to strength, flexibility and
functional movement, except for shoulder external rotation. The non-significant results between
groups might have been due to the study being conducted on a heavily active population.
Additionally, the length of the intervention, or the size of the population could have explained
the non-significance. More time and a larger population may possibly show more statistical
significance in our measurements. While we may not have had a lot of statistical significance in
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our measures, we did see the scores trend in the correct direction depending on the type of
measurement and what range they started in.
Implications
There are two categories of relevant implications related to the study’s findings. The first
is within the healthcare sector, particularly those interested and involved in kinesiology and
biomechanics. By decreasing the bilateral imbalances in functional movement, strength, and
flexibility can be beneficial in decreasing overuse injuries (Devan et al., 2004). The participants
mentioned liking the program and feeling benefits in the program, but according to our
quantitative data there’s limited support that this program improved functional movement,
strength and flexibility. The exercise program could be a first step in future research programs,
however, adding more complex or specific exercises as well as more participants in a more
controlled setting may be required to see statistical significance.
Within the field of leisure and recreation, there are several other implications that stem
from this study. Those in management of rafting outfitters can start emphasizing the importance
of proper biomechanics by hiring someone to come speak to their employees at a staff meeting as
well as show them proper lifting mechanics. Outfitters could even hire an ATC or DPT to create
an exercise program for their employees. Also, within this field we emphasize the importance of
getting outside and being active, but we do not emphasize programs to do before intense
exercises or activities. This idea could help in bridging the gap between the leisure field and the
kinesiology field. Having an information board about some preventative exercises alongside the
maps and park information signage could be of use.
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Limitations
There are several limitations in this study to be considered. First, this study focused on
one outpost that is composed of healthy, athletics individuals, which limits the generalizability of
the results. The paddle whitewater raft guides were chosen because of the lack of literature in the
United States about this population. The lead researcher worked full time during this study, so by
that factor, the study focused only on one company on this specific river, rather than branching
out to the other companies at this river or on other rivers. This could be addressed in future
studies by sampling other outposts and companies which will require different abilities than the
one used in this study. While the general components of paddle whitewater raft guiding are the
same at other rafting outposts, there are other unique skills and components of the job required
specifically for this outpost and river.
Second, the researcher’s previous relationship with participants and involvement in the
data collection may have shaped findings. She did conduct the pre and post test screenings as
well as perform the intervention. The heavy involvement was necessary due to the lack of other
qualified professionals available to perform FMS screening, strength test and flexibility
measurements as well as lead and create the exercise program and ensure correct form was being
performed. However, the FMS screening process can be rather subjective, and the results are
ultimately reliant at the discretion of the test administer. To combat this, this study relied on
voice recording the FMS screening, strength test and flexibility measurements to decrease the
subjectivity of the scoring of the test. Future studies may want to consider using more objective
screening tools such as Physimax, force plates, hydraulic hand dynamometer and an electronic
goniometer.
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Third, the researcher was unable to fully monitor the Control group. While the Control
group did not attend any of the exercise sessions, they may have participated in exercising or
doing rehabilitation like exercises on their own that they’ve learned from previous PT or ATC
care. Future studies should solidify a method of monitoring to prevent outside factors from
affecting the research data. Fourth, due to the lack of budget, the study was not able to include
certain exercises that require special equipment, e.g., boxes for box jumps and speed ladders for
foot work drills.
Future Directions
Future studies on paddle whitewater raft guides might want to focus more on upper
extremity programs specifically the shoulders. While the Treatment group reported that their
shoulders felt good during the exercise program the increase was not statistically significant in
any of the shoulder strength and flexibility measurements. Future studies may need to modify the
exercise program and include more exercises such as plyometric exercises, since they have been
proven to help decrease injuries and imbalances (Hill & Leiszler, 2011; Nessler et al., 2017).
Future studies should extend the program for more than 8 weeks to see if results would
improve, this timeline may have not been enough time to show major differences. Also, having a
larger population to sample from could improve this study. Another aspect for future studies to
reveal in would be the change in mental health for the guides who have rafted before the
program, then one season do a program the whole time and see how the program effected their
season after they have gone back to rafting without a program.
Conclusion
In summary, the study results indicated that the exercise program was effective for the
FMS composite score, hip internal and external rotation, knee flexion flexibility scores, plus
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majority of the measurement scores did improve at the end of the 8-week program. At the time of
the study, no other published research had investigated this relationship; therefore, it cannot be
determined if these findings are consistent across various settings. The Treatment participants in
this study did mention experiencing other positive outcomes due to participating in the program,
and empirical studies may need to further examine these. Given the results of this study,
additional research should be done on ways to decrease side deficit imbalances and improve
functional movement, strength, and flexibility in paddle whitewater raft guides.
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Appendix A
Medical History

LEAD RESEARCHER ONLY
Assigned Participant #: _______
Circle One: Control or Treatment
Name: ______________________________________________________________________
Date of Birth: ________________________________________________________________
Sex: (F) _____ (M) _____ (Prefer Not to Answer) _____
Age: __________
Sports: _______________________________________________________
Email: ________________________________________________________
Circle one: Which is your dominant hand, right, left or ambidextrous?
Circle one: Which is your dominant guiding side, right, left or both?
Years Guiding: ________________________________________________________________
Are You Currently Seeing a Healthcare Provider for an Injury?
______________________________________________________________________________
Past Orthopedic/Musculoskeletal Injuries (please include the year and month of the event):
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Have You Ever Been Diagnosed with COVID-19? Yes _____ or No ______
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Appendix B
Measurements Taken
Upper Body
Pre Pre
Post Post
Goniometer
Left Right Left Right
Measurements
Cervical
Flexion
Cervical
Extension
Cervical
Lateral Flexion
Cervical
Rotation
Shoulder
Flexion
Shoulder IROT

Lower Body
Pre Pre
Post Post
Goniometer
Left Right Left Right
Measurements
Hip Flexion
Hip IROT
Hip EROT
Knee Flexion
Ankle
Dorsiflexion
Ankle
Plantarflexion
Ankle
Midtarsal
Inversion
Ankle
Midtarsal
Eversion

Shoulder
EROT
Elbow Flexion
Wrist Flexion
Wrist
Extension
Wrist Radial
Deviation
Wrist Ulnar
Deviation

Handgrip
Pre Pre
Post Post
Dynamometer Left Right Left Right
Power Grip
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Jump Test
Name
Broad Jump
Single Leg
Broad Jump
Single Leg
Triple Jump

Pre

Post
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Appendix C
FMS Scoring Sheet (FMS Functional Movement Screen Score Sheet, n.d)

67

Appendix D
Media Release Form
Authorization for Use of Photographic/Image/Video/Voice Recording
Date: ____________
Participant Name: ________________________________________________________
PLEASE READ THIS DOCUMENT CAREFULLY. It affects the rights you may have
concerning the use by Clemson University of any photographs, video, images or voice recording
taken of you during the program identified above.
I, _______________________________________ hereby grant permission to the primary
investigator and research team to take photographs or videos of me, during my participation in
the Clemson University graduate research study. I give the research team permission to use these
images, and recordings, as well as my name, likeness, and biographical information as follows:
1. To use for the developing research project
2. To use for future research publications or study’s
3. To be shared with the research team or necessary parties
I agree that I will receive no further consideration, other than that already received, for these uses
and that Clemson University owns all rights to the images and recordings. I waive the right to
inspect or approve uses of the images, recordings or written copies.
I hereby release the Clemson University research team from any claims that may arise from these
uses, including claims of defamation, invasion of privacy, or rights of publicity or copyright.
This release is binding on me, my heirs, assigns and estate and represents the entire agreement
between me and the Clemson University research team regarding the matters herein.
I agree that the Clemson University research team is not obligated to use any of the rights
granted under this Agreement.
Participant’s Signature _______________________________________
Date_______________________
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Appendix E
Information About Being in a Research Study for
Clemson University
ADDRESSING BILATERAL IMBALANCES IN PADDLE WHITEWATER RAFT
GUIDES
KEY INFORMATION ABOUT THE RESEARCH STUDY
Voluntary Consent: Dr. Mariela Fernandez, along with Leah Irwin, are inviting you to
volunteer for a research study. Dr. Mariela Fernandez is an Assistant Professor at Clemson
University in Parks, Recreations, and Tourism Management Department conducting the study
with Leah Irwin, Mike Godfrey, and Deborah Tysor. You have been asked to join a study about
treatments that can improve your functional movement, flexibility and strength abilities. You
have been asked to participate given that you are a current raft guide at Nantahala Outdoor
Center (NOC) on the Chattooga River.
You may choose not to take part and you may choose to stop taking part at any time. You will
not be punished in any way if you decide not to be in the study or to stop taking part in the study.
If you choose to stop taking part in this study, the information you have already provided will be
used in a confidential manner.
Alternative to Participation: Participation is voluntary, and the only alternative is to not
participate.
Study Purpose: The purpose of this research is to explore a mechanism to improve functional
movement, flexibility and strength/stability of the body as a whole and to decrease bilateral
imbalances.
Activities and Procedures: If you decided to join this study, you will be screened to see if you
are able to participate. During the screening, we will examine if you have any of the listed
exclusionary medical conditions. If you do, you will be eligible to participate, and then you will
undergo the Functional Movement System (FMS) test, goniometer measurements and hand grip
dynamometer test. The FMS test requires that you do seven exercises, including the deep squat,
hurdle step, inline lunge, shoulder mobility, leg raise, push up, and rotary stability. The
goniometer measurements will require you to do active range of motion movements three times
of the head, neck, trunk, shoulders, elbows, wrists, hips, knees, and ankles. The hand grip
dynamometer will require you to grip the dynamometer with full strength three times for each
hand.
You will then be placed into one of two groups. The control group will continue to work as a
whitewater raft guide and participate in other recreational activities. The treatment group, will go
to work, participate in other recreational activities, and participate in the research sessions. Both
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groups will be asked to recall and keep track of any other activities they partake in during the 8
weeks of the program.
Participation Time: It will take you about ten weeks to be in this study. Both groups will be
asked to perform pre and post screening/testing the weeks immediately before and after the
eight-week protocol. The Treatment group will be asked to participate in the workout sessions on
the blacktop at NOC property lead by the head research, Leah Irwin, three times per week during
the eight-week study. This totals up to around 24 sessions, with each session lasting around an
hour. The pre-test and post-test screenings should take around a total of two hours to perform
both before and after the eight-week trial.
Risks and Discomforts: Risks and discomforts may differ depending on which group you are
assigned to. If you are part of the group undergoing only your regular work schedule, you are not
projected to incur abnormal discomfort unless you have an injury at work or otherwise. If you
are part of the group undergoing the workout sessions, you are projected to some muscle
tenderness from strengthening exercises. If you experience any discomforts or are injured as a
result of this study, notify the researchers immediately.
Possible Benefits: Benefits of participating in this study include increasing functional
movement, stability and flexibility as well as decreasing bilateral imbalances. All of which have
been associated with reduction of injury risk within sport. Results of this study may be useful to
other unilateral athletes, healthcare professionals and rafting employers who want to provide
similar programs to prevent injury. The findings of the study may be used in presentations in
national conferences and/or published in academic journals.
EXCLUSIONS/INCLUSION REQUIREMENTS
Inclusion Criteria: [1] Raft guides employed at NOC during the 2021 season, [2] at least 18 years
of age.
Exclusion Criteria: [1] Have any current injuries that require surgery, [2] have any injury and has
been identified unfit to participate by a physician.
MANDATORY REPORTING
As responsible employees under Clemson University Title IX policies, we are required to report
incidents of discrimination based on sex, sexual harassment, or sexual violence involving a
member of the Clemson University community.
AUDIO/VIDEO RECORDING AND PHOTOGRAPHS
By choosing to be part of this study, participants are allowing the researcher to take photographs
and videos of any step of the research process and share this information with research team and
academic journals. Media recordings/photographs will be taken during each pre- and postscreening to ensure proper measurements are taken. These photographs/videos will be stored
with other confidential information in a locked computer and saved for four years following the
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study. You will be asked to sign a separate media release form if you choose to be a part of this
study.
EQUIPMENT AND DEVICES THAT WILL BE USED IN THE RESEARCH STUDY
Equipment being used for this study include blood pressure cuff, stethoscope, scale, measuring
tape, computers with excel functions, the functional movement screen tools, cameras (video and
pictures), thermometers, goniometers, gravity inclinometer, hand-grip dynamometer, tape
measure, TheraBand resistance bands and balance pads. There are no risks to the participants
associated to using these devices.
RESEARCH RELATED INJURY
In the event that you are injured while participating in this research, a member of the research
team will provide first aid using available resources, and if necessary, arrange for transportation
to the nearest medical facility. Clemson University has not set aside funds to compensate you for
any injury, complication or related medical care that may arise from participation in this study.
Any study-related injury should be immediately reported to the research team.
PROTECTION OF PRIVACY AND CONFIDENTIALITY
The results of this study may be published in scientific journals, professional publications, or
educational presentations. The records of this study will be stored securely, and only Leah Irwin
and the research team (e.g., Drs. Mariela Fernandez, Michael Godfrey and Deborah Tysor) who
will be supervising her work will have access to the information. Identifiable information
collected during the study will be retained but will not be used or distributed for future research
studies.
We might be required to share the information we collect from you with the Clemson University
Office of Research Compliance and the federal Office for Human Research Protections. If this
happens, the information would only be used to find out if we ran this study properly and
protected your rights in the study.
CONTACT INFORMATION
If you have any questions or concerns about your rights in this research study, please contact the
Clemson University Office of Research Compliance (ORC) at 864-656-0636 or
irb@clemson.edu. If you are outside of the Upstate South Carolina area, please use the ORC’s
toll-free number, 866-297-3071. The Clemson IRB will not able to answer some study- specific
questions. However, you may contact the Clemson IRB if the research staff cannot be reached or
if you wish to speak with someone else other than the research staff.
If you have any study related questions or if any problems arise, please contact Leah Irwin at
352-231-2784 or lirwin@clemson.edu.
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CONSENT
By signing this consent form, you indicate that you have read the information written above, are
at least 18 years of age, have been allowed to ask any questions, and you are voluntarily
choosing to take part in this research.
Participant’s Signature: _________________________________________ Date: ___________
Print Name: __________________________________________________
A copy of this form will be given to you.
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Appendix F
Recruitment Transcript
Hello everyone, for some those of you who do not know me, my name is Leah Irwin. I am a
graduate student at Clemson University in the Parks, Recreation, and Tourism Management
Department. This summer I am conducting research about addressing bilateral imbalances in
paddle whitewater raft guides. I am inviting you to participate because you are employees of
Nantahala Outdoor Center and guide every day.
There will be two groups a treatment and a control group that you will be assigned to randomly.
During the research, the Treatment group will make 24 visits to the blacktop space as well as two
visits to the trip talk room pre and post 8-week trial, both on NOC property. The Control group
will make a total of two visits to the trip talk room throughout the course of the experiment for
pre and post testing. In the first visit, all volunteers will fill out a medical questionnaire and
researcher will determine if any exclusion criteria have been met. Those volunteers who qualify
for the study as participants will have baseline vitals taken, complete a medical questionnaire and
be taken through a functional movement screen test (FMS), goniometer measurements and hand
grip dynamometer. In the following visits for the Treatment group, participants will partake in
the training program. The program will run about an hour per treatment session. In the final
visits, participants will be taken through another vitals assessment and an FMS screening,
goniometer measurements and hand grip dynamometer.
The research will take place over approximately 10 weeks. This includes the 8 weeks of the
program and one week before and after the program for FMS screening, goniometer
measurements, handgrip dynamometer, jump tests and questionnaire. During that time, the
Treatment and Control group will be asked to document their activities via a given exercise log
and come into the trip talk room for test at week 1 and week 10 for around 30-45minutes. If you
are part of the Treatment group, you will also be asked to participate in the program 3 times per
week during the researcher’s time slot to complete the study. If you have any further questions, I
can be reached at lirwin@clemson.edu. If you would like to participate in the research, please
stay so I can collect your contact information.
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Appendix G
Dry Erase Board Script
“Reminder workout session is tonight at 6:00pm. If for any reason you can’t make it tonight,
please let me know separately. Goodluck!”
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Appendix H
Purpose & Explanation of the FMS Test (adapted from: Broughton et al., 2020)
Test
Deep
Squat

Purpose
The deep squat is a test •
that challenges total
body mechanics when
performed properly.
The deep squat is used
to assess bilateral,
•
symmetrical, functional
mobility of the hips,
knees, and ankles. The
dowel held overhead
assesses bilateral,
•
symmetrical mobility
of the shoulders as well
as the thoracic spine.
•

Hurdle
Step

In-Line
Lunge

The hurdle step is
designed to challenge
the body’s proper stride
mechanics during a
stepping motion. The
movement requires
proper coordination
and stability between
the hips and torso
during the stepping
motion as well as
single leg stance
stability. The hurdle
step assesses bilateral
functional mobility and
stability of the hips,
knees, and ankles.

•

The in-line lunge is a
test that places the
lower extremities in a

•

•

•

•

Description
The individual places
his/her feet shoulder
width apart and the feet
aligned in the sagittal
plane.
Then adjust their hands
on the dowel to assume a
90-degree angle of the
elbows with the dowel
overhead.
Next, the dowel is pressed
overhead with the
shoulders flexed and
abducted, and the elbows
extended.
Then they are instructed
to descend slowly into a
squat position.
The individual places
their feet together and
aligning the toes touching
the base of the hurdle.
The hurdle is then
adjusted to the height of
the athlete’s tibial
tuberosity. The dowel is
positioned across the
shoulders below the neck.
Then they are asked to
step over the hurdle and
touch their heels to the
floor while maintaining
the stance leg in an
extended position.
The moving leg is then
returned to the starting
position.
The individual is then
asked to place the end of
their heels on the end of
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Figures

scissor style position
challenging the body’s
trunk and extremities to
resist rotation and
•
maintain proper
alignment. This test
assesses hip and ankle
mobility and stability,
quadriceps flexibility,
and knee stability.
•

•

•

•

Shoulder The shoulder mobility
•
Mobility screen assesses
bilateral shoulder range
of motion, combining
internal rotation with
adduction and external
rotation with
•
abduction. The test also
requires normal
scapular mobility and
thoracic spine
extension.
•

the board or a tape
measure taped to the
floor.
The pervious tibia
measurement is then
applied from the end of
the toes of the foot on the
board and a mark is
made.
The dowel is placed
behind the back touching
the head, thoracic spine,
and sacrum.
The hand opposite to the
front foot should be the
hand grasping the dowel
at the cervical spine. The
other hand grasps the
dowel at the lumbar
spine.
The individual then steps
out on the board of tape
measure on the floor
placing the heel of the
opposite foot at the
indicated mark.
The individual then
lowers the back knee
enough to touch the
surface behind the heel of
the front foot and then
returns to starting
position.
The tester first determines
the hand length by
measuring the distance
from the distal wrist
crease to the tip of the
third digit in inches.
The individual is then
instructed to make a fist
with each hand, placing
the thumb inside of the
fist.
They are then asked to
assume a maximally
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•

•

Active
Straight
Leg
Raise

Trunk
Stability
Push-up

The active straight leg
raise tests the ability to
disassociate the lower
extremity from the
trunk while
maintaining stability in
the torso. The active
straight leg raise test
assesses active
hamstring and gastrocsoleus flexibility while
maintaining a stable
pelvis and active
extension of the
opposite leg.

•

•

•

The trunk stability
•
push-up tests the ability
to stabilize the spine in
an anterior and
•
posterior plane during a
closed-chain upper
body movement. The
test assesses trunk
stability in the sagittal
plane while a
symmetrical upperextremity motion is
performed.

adducted, extended, and
internally rotated position
with one shoulder and a
maximally abducted,
flexed, and externally
rotated position with the
other.
During the test, the hands
should remain in a fast
and the fists should be
place on the back in one
smooth motion.
The tester then measures
the distance between the
two closest bony
prominences.
The individual starts by
lying supine with the
arms in an anatomical
position and head flat on
the floor.
The tester then identifies
mid-point of the patella, a
dowel is then placed at
this position
perpendicular to the
ground.
Next, the individual is
instructed to lift the test
leg with a dorsiflexed
ankle and an extended
knee.
The individual assumes a
prone position with their
feet together.
Their hands are then
placed shoulder width
apart at the appropriate
position per the criteria
described later. The knees
are then fully extended,
and the ankles are
dorsiflexed.
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•
•

Rotary
Stability

The rotary stability test •
is a complex movement
requiring proper
neuromuscular
coordination and
energy transfer from
•
one segment of the
body to another
through the torso. The
rotary stability test
assesses multi-plane
trunk stability during a
combined upper and
•
lower extremity
motion.
•

The individual is asked to
perform one push-up in
this position.
The body should be lifted
as a unit; no “leg” should
occur in the lumbar spine
when performing this
push-up.
The individual starts in
quadruped position with
their shoulders and hips at
90 degrees relative to the
torso.
The knees are positioned
at 90 degrees and the
ankles should remain
dorsiflexed. The
individual then flexes the
shoulder and extends the
same side hip and knee.
The leg and hand are only
raised enough to clear the
floor by approximately 6
inches.
The same shoulder is then
extended, and the knee
flexed enough for the
elbow and knee to touch.
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Appendix I
Explanation of Goniometer Measurements (adapted from: Van Ost, L., 2013; Kosmahl, 2018 &
AAOS)
Measurement
Set Up
Cervical Spine
Flexion Axis: center over the
external auditory meatus
Stationary Arm: align
perpendicular to the
floor
Moving Arm: align
parallel to the base of
the nose

Extension Axis: center over the
external auditory meatus
Stationary Arm: align
perpendicular to the
floor
Moving Arm: align
parallel to the base of
the nose

Range
(20-29 yrs)
75.5 8.5
(30-49 yrs)
70.5  7.5
(>50 yrs)
64.5 7

45

Lateral Flexion Axis: center over the
45
spinous process of C7
Stationary Arm: align
perpendicular to the
floor
Moving Arm: align
over the external
occipital protuberance of
the occiput
Cervical Axis: align over the
60
Rotation center of the top of the
head
Stationary Arm: align
with the acromion
process of the tested side
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Moving Arm: align
with the tip of the nose

Glenohumeral
Joint
(Shoulder)
Flexion Axis: near the acromion
process
Stationary Arm: align
with the midaxillary line
of the trunk
Moving Arm: align
with the lateral midline
of the humerus
Internal Rotation Axis: over the olecranon
process of the ulna
Stationary Arm: align
perpendicular to the
floor
Moving Arm: align
with the shaft of the
ulna, siting the styloid
process of the ulna

Elbow

Wrist

167  4.7

69° ± 4.6°

External Axis: over the olecranon
Rotation process of the ulna
Stationary Arm: align
perpendicular to the
floor
Moving Arm: align
with the shaft of the
ulna, siting the styloid
process of the ulna

104° ± 8.5°

Flexion Axis: over the lateral
epicondyle of the
humerus
Stationary Arm: align
along the lateral midline
of the humerus
Moving Arm: align
along the lateral midline
of the radius

141° ± 4.9°
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Flexion Axis: center over the
lateral aspect of the
wrist, just distal to the
styloid process of the
ulna
Stationary Arm: align
with the lateral midline
of the ulna
Moving Arm: align
with the lateral midline
of the 5th metacarpal
bone
Extension Axis: at the lateral
aspect of the wrist, just
distal to the ulnar styloid
Stationary Arm: align
with the lateral midline
of the ulna
Moving Arm: align
with the lateral midline
of the 5th metacarpal
bone
Radial Deviation Axis: align over the
middle of the dorsal
surface of the wrist, over
the capitate
Stationary Arm: align
with the dorsal midline
of the forearm, sitting
the lateral epicondyle of
the humerus
Moving Arm: align
with the midline of the
dorsal surface of the 3rd
metacarpal
Ulnar Deviation Axis: align over the
middle of the dorsal
surface of the wrist, over
the capitate
Stationary Arm: align
with the dorsal midline
of the forearm, sitting
the lateral epicondyle of
the humerus
Moving Arm: align
with the midline of the

75° ± 6.6°

74° ± 6.6°

21° ± 4.0°

35° ± 3.8°
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Hip

dorsal surface of the 3rd
metacarpal

Flexion Axis: center on the
lateral aspect of the hip
joint over the greater
trochanter of the femur
Stationary Arm: align
parallel to the lateral
midline of the trunk
Moving Arm: align
parallel to the lateral
midline of the femur
Internal Rotation Axis: center over the
midpatellar surface
Stationary Arm: align
so the goniometer is
perpendicular to the
floor or parallel to the
tabletop
Moving Arm: align
with the anterior midline
of the lower leg
External Axis: center over the
Rotation midpatellar surface
Stationary Arm: align
so the goniometer is
perpendicular to the
floor or parallel to the
tabletop
Moving Arm: align
with the anterior midline
of the lower leg

Tibiofemoral
Joint (Knee)
Flexion Axis: center over the
lateral epicondyle of the
femur
Stationary Arm: align
with the lateral midline
of the femur
Moving Arm: align
with the lateral midline
of the fibula
Ankle

110-120

44 ± 4.3

44 ± 4.8

140
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Dorsiflexion Axis: center over the
lateral aspect of the
lateral malleolus
Stationary Arm: align
with the lateral midline
of the fibula
Moving Arm: align
with the lateral midline
of the calcaneus
Plantar Flexion Axis: center over the
lateral aspect of the
lateral malleolus
Stationary Arm: align
with the lateral midline
of the fibula
Moving Arm: align
with the lateral midline
of the calcaneus
Midtarsal Axis: center over the
Inversion anterior aspect of the
ankle midway between
the malleoli
Stationary Arm: align
along the anterior
midline of the tibial
crest
Moving Arm: align
along the dorsal aspect
of the second metatarsal
shaft
Midtarsal Axis: center over the
Eversion anterior aspect of the
ankle midway between
the malleoli
Stationary Arm: align
along the anterior
midline of the tibial
crest
Moving Arm: align
along the dorsal aspect
of the second metatarsal
shaft

13 ± 4.4

56 ± 6.1

20

10
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Appendix J
Handgrip Dynamometer Measurements adapted from (Wang et al., 2018)
Test Name
Power Grip

Set Up
• Have the subject hold the
dynamometer in hand being
tested, ensure the elbow is at
their side with 90 flexion
and thumb up.
• Base should rest on the heel
of the palm and handle
should rest on the middle of
the four fingers.
• Subject will then squeeze
with maximum isometric
effort for 5 seconds without
any body movement.
• Repeat three times with 15
seconds of rest in between,
best score overall is
recorded.
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Ranges
Females:
Excellent
>36kg
Good 3136kg
Average 2530kg
Fair 19-24kg
Poor <19kg
Males:
Excellent
>56kg
Good 5156kg
Average 4550kg
Fair 39-44kg
Poor<39kg

Photo

Appendix K
Jump Tests
Name
Broad
Jump

Description
• Have subject behind
starting line with
toes just behind.
• Subject perform
countermovement
and jumps forward
as far as possible.
• Subject must land on
feet or trial is
repeated.
• A marker is placed at
the back on the
rearmost heel.
• Measurement
between this mark
and the starting line
is the score
• Best trial out of
three.

Ranges
Females:
Excellent>6’6.5”
Very Good6’3”-6’6.5”
Above Avg5’11.5”6’2.5”
Avg- 5’7.5”5’11”
Below Avg5’3.5”-5’7”
Poor- 4’7.5”5’2.5”
Very Poor<4’7.5”
Males:
Excellent>8’2.5”
Very Good7’11”-8’2.5”
Above Avg7’7”-7’10.5”
Avg- 7’3”7’6.5”
Below Avg6’11”-7’2.5”
Poor- 6’3”6’10.5”
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Single
Leg
Broad
Jump for
Distance

•
•

•
•
•

•

Very Poor<6’3”
Have subject behind You want the
difference
starting line with
between
toes just behind.
dominant leg
Subject perform
and
countermovement
and jumps on one leg nondominant
leg to be
forward as far as
within 85%
possible.
Subject must land on of each other
at a minimum
feet or trial is
to
repeated.
A marker is placed at prevent/lower
injury rates.
the back on the
rearmost heel.
Measurement
between this mark
and the starting line
is the score
Best trial out of
three.
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Single
Leg
Triple
Hop for
Distance

•

•

•

Have the subject
begin standing on the
testing leg, with toe
at starting line.
Instruct the subjects
to take three
maximal hops
forward on the
designated leg.
Measure the total
distance hopped
from the starting line
to the subject’s heel
on completing the
third hop.

You want the
difference
between
dominant leg
and
nondominant
leg to be
within 85%
of each other
at a minimum
to
prevent/lower
injury rates.
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Appendix L
Explanation of Exercises & Stretches Used (adapted from: HEP2Go)
Exercise
Scapular
Squeezes

Shoulder
IROT with
TheraBand®

Shoulder
EROT with
TheraBand®

Horizontal
Shoulder
IROT with
TheraBand®

Description
The middle (blue
arrow) would be
strengthened by having
the patient squeeze the
right scapula at 9' and
the left at 3'. The lower
trap (white arrow)
would be strengthened
by having the patient
squeeze the right
scapula at 7' and the
left at 5'.
While holding an
elastic band at your
side with your elbow
bent, start with your
hand away from your
stomach, then pull the
band towards your
stomach. Keep your
elbow near your side
the entire time.
While holding an
elastic band at your
side with your elbow
bent, start with your
hand near your stomach
and then pull the band
away. Keep your elbow
at your side the entire
time.
Start by holding the
Theraband® with your
arm up at 90º away
from your side and
elbow bent to 90º. Your
forearm should be
directed upward in the
beginning position as
shown. Next, roll your

Exercises
Target Muscles
Rhomboids and middle
trapezius

Subscapularis, anterior
deltoid and teres major

Infraspinatus, teres
minor and posterior
deltoid

Supraspinatus,
subscapularis, biceps
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shoulder forward so
that your forearm
become horizontal to
the floor. Return to
original position and
repeat.

Horizontal
Shoulder
EROT with
TheraBand®

Serratus
Wall Slides

Wall Slides

Start by holding an
elastic band or sports
cord with your arm up
at 90 degrees away
from your side and
elbow bent to 90
degrees. Your forearm
should be directed
forward in the
beginning position as
shown. Next, roll your
shoulder back so that
your forearm is
directed upward.
Maintain your shoulder
blade in a retracted and
downward position the
entire time.
Place your forearms
and hands along a wall
so that your elbows are
bent and your arms
point towards the
ceiling. Next, protract
your shoulder blades
forward and then slide
your arms up the wall
as shown. Then, return
to original position and
repeat.
Stand with knees
slightly bent while
leaning into wall with
hands in hold-up
position as pictured on
left. Keep head,
shoulder blades, and

Supraspinatus,
infraspinatus, teres
minor, biceps

Serratus Anterior,
middle and lower
trapezius

Mid and lower
trapezius, opens up
pectoralis muscles
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lower back flat against
the wall. Slide the
backs of both hands up
the wall toward each
other as pictured on
right. Keep your arms
and elbows in contact
with the wall the entire
time.
Push Up with Standing on elevated
Plus on
table or as a
Incline
progression, in a high
plank position, start by
keeping elbows straight
and let your shoulder
sink in. Elbows are still
straight, push through
the shoulder blades as
if you are pushing
something away from
you.
Push Up with Assume normal push
Plus
up position on stomach.
Push up away from the
floor into a plank
position. Push your
chest even farther away
from the floor, so that
your shoulder blades
are flat against your
back and not raised up.
Dead Bugs
While lying on your
back with your knees
and hips bent to 90
degrees, use your
stomach muscles and
maintain pelvic neutral
position. Do not allow
your spine to move.
Hold pelvic neutral and
then slowly straighten
out a leg without
touching the floor. At
the same time raise an
opposite arm overhead.
Do not allow your

Activates Serratus
Anterior

Activates Serratus
Anterior

Erector spinae,
obliques, rectus
abdominis and
transverse abdominis
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Quadruped
with
Alternating
Arm and Leg
(Bird Dogs)

Pelvic Tilts
with Holds

Pelvic Tilts
with Kegel
and
Isometric
Hip
Abduction

spine to arch during
this movement. Return
to starting position and
then repeat on the
opposite side.
While in a crawling
position, brace at your
abdominals and then
slowly lift a leg and
opposite arm upwards.
Lower leg and arm
down and then repeat
with opposite side.
Maintain a level and
stable pelvis and spine
the entire time.
Lie on your back with
your knees bent. Next,
arch your low back and
then flatten it
repeatedly. Your pelvis
should tilt forward and
back during the
movement. Move
through a comfortable
range of motion.
Wrap the band around
your knees. While
lying on your back
attempt to pull apart
your knees and hold
and contract your
pelvic floor muscles as
if you are holding back
urine and holding back
gas. Hold this contract
for the prescribed
length of time while
continuing your normal
breathing pattern. Be
sure to perform a full
relax in between each
contract. Do not hold
your breath.

Erector spinae,
obliques, rectus
abdominis, transverse
abdominis and gluteal
muscles

Multifidus and
transverse abdominis

Gluteus maximus,
hamstring, erector
spinae, multifidus,
levator ani, coccygeus,
obturator internus,
piriformis and hip
abductors
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Paloff Press

Single Leg
Balance

Clam Shells
with
TheraBand®

Stand perpendicular to
the wall with hands
grasped on band, with
tension, holding to the
center-line of the body
near abdomen. Press
band outward, keeping
band centered on body
without letting rotation
occur, control
resistance for the entire
time. Repeat on both
sides. Alternatively or
in conjunction, you
may press the band into
an outward circle,
ending in the start
position.
Stand on one leg with
the other leg up and
behind you, hips
towards your ribs, belly
button to spine,
shoulders down and
back.

Obliques, transverse
abdominus, serratus
anterior, trapezius,
latissimus dorsi, levator
scapulae, rhomboids,
gluteal muscles and
rectus abdominis

Gluteus Medius

While lying on your
Gluteus medius
side with your knees
bent and an elastic
band wrapped around
your knees, draw up the
top knee while keeping
contact of your feet
together as shown. Do
not let your pelvis roll
back during the lifting
movement.
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Reverse
Clam Shells
with
TheraBand®

While lying on your
side with your knees
bent and an elastic
band around your
ankles, raise your top
foot towards the ceiling
while keeping contact
of your knees together.
Then, lower back down
to original position. Do
not let your pelvis roll
forward during the
lifting movement.
While lying on your
back with an elastic
band looped around
your ankles, lift the
target leg upwards.

Gluteal medius,
piriformis, obturator
internus, obturator
externus, gemellus
inferior, gemellus
superior, and
the quadratus femoris.

Hip
Extension
with
TheraBand®

While lying on your
stomach with an elastic
band looped around
your ankles, lift the
target leg upwards.

Gluteus medius,
gluteus maximus,
biceps femoris,
semitendinosus,
semimembranosus

Hip
Adduction

While lying on your
side, slowly raise up
your bottom leg
towards the ceiling.
Keep your knee straight
the entire time. Your
top leg should be bent
at the knee and your
foot planted on the
ground supporting your
body.

Adductor brevis,
adductor longus,
gracilis, adductor
magnus and pectineus

Hip Flexion
with
TheraBand®

Iliacus, psoas major,
rectus femoris,
sartorius, pectineus and
tensor fascia latae

93

Hip
Abduction
with
TheraBand®

While lying on your
side with an elastic
band looped around
your ankles, lift the top
leg upwards.

Gluteus medius,
gluteus minimus and
tensor fascia latae

Fire
Hydrants
with
TheraBand®

Start in a crawl position
with an elastic band
around your thighs.
Next, raise your leg out
to the side as shown.
Maintain a straight
upper and mid back.

Gluteus maximus,
gluteus medius,
iliopsoas, transverse
abdominis, erector
spinae, deltoids and
levator scapulae

Standing Fire
Hydrants
with
TheraBand®

Stand with band around
knees. Put a slight bend
in your left knee,
hinging from your hip.
With your right knee
bent to 90 degrees, lift
your right leg out to the
side and slightly behind
you

Gluteus maximus,
gluteus medius,
iliopsoas, transverse
abdominis and erector
spinae

Side Steps
with
TheraBand®

Place a looped elastic
band around both
thighs. Next, bend your
knees and step to the
side while keeping
tension on the band the
entire time. After
taking sidesteps to the
side in one direction,
reverse the direction
taking sidesteps until
you return to the
starting position. (Band

Gluteus medius, tensor
fasciae latae, and if
around foot, peroneus
longus and peroneus
brevis
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Monster
Walks with
TheraBand®

Ankle
Plantarflexio
n with
TheraBand®

Placement Progression:
knees, ankles and then
feet)
Place a looped band
around both ankles.
Start in a mini squat
position keeping core
tight and back flat, with
toes pointing straight
forward and tension on
the band. Step forward
and outward with one
foot, then repeat with
the other foot.
Sitting with leg
straight, place band
around your foot.
While holding the other
end of the band point
your foot down against
resistance.

Gluteus maximus,
gluteus medius, gluteus
minimus, iliacus, psoas
major, rectus femoris,
sartorius, pectineus and
tensor facia latae

Gastrocnemius and
soleus

Ankle Dorsi
Flexion with
TheraBand®

Place the band around
Tibialis anterior and
your involved foot,
extensor digitorum
stabilize the band with
your non-involved foot.
Lift your for up against
the resistance of the
band, control the
movement back to start
position.

Ankle
Inversion
with
TheraBand®

Sitting with your
involved leg straight,
cross your other leg
over. Place the band
around your involved
foot. Wrap the band
around your other foot.
Turn your involved
foot out away from the
other foot against
resistance.

Tibialis posterior
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Ankle
Eversion
with
TheraBand®

Sitting with leg
straight, place the band
around your involved
foot. Wrap the band
around your
uninvolved foot. Turn
your involved foot out
away from the other
foot against resistance.

Peroneus longus and
peroneus brevis

Arch Lifts

Start with your foot on
the floor. Raise up the
arch of your foot while
maintaining your big
toe, ball of your foot
and heel on the floor
the entire time.

Flexor hallucis and
abductor hallucis

Toe Yoga

Lift your big toe
without lifting the other
4 or rolling your ankle
outward. Lift your 4
small toes without
lifting your big toe or
rolling your ankle
inward.

Flexor hallucis,
abductor hallucis,
flexor digitorum brevis
and lumbrical muscles

Eccentric
Calf Raises
(Single and
Double Leg)

Standing on both legs,
Gastrocnemius and
raise up on your toes.
soleus
When you have
reached the end of your
available range shift
weight onto one leg
and SLOWLY lower
back down on single
leg. Use a stable
counter, chair, or wall
for balance assistance.
Remember to push
through your big toe
and do not let ankles
roll out.
Flexibility/Stretches
Description
Target Muscles

Stretches
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Upper Trap
Stretch

Begin by retracting
your head back into a
chin tuck position.
Next, place one hand
behind your back and
gently pull your head
towards the opposite
side with the help of
your other arm.

Upper trapezius

Levator
Stretch

Sit on your left hand,
turn your head to the
right then look down
past your armpit. Grab
the back of your head
with right hand and
gently pull until you
feel the stretch. Repeat
on both sides.

Levator scapulae

Scalene
Stretch

Place your hands
Scalene &
overlapping on your
sternocleidomastoid
clavical. Next, tilt you
head upwards and away
from the affected side
until a gentle stretch is
felt along the front and
side of your neck.

Rhomboid
and Middle
Trap Stretch

Interlace your fingers
Rhomboids and middle
and then draw your
trapezius
hands forwards until a
stretch is felt along
your upper back.
Varying the angle of
your arms downward to
stretch different muscle
fibers along your back.
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Doorway
Stretch

Rhomboid
Stretch

Posterior
Capsule
Stretch

Triceps
Stretch

While standing in a
doorway, place your
arms up on the door
jam and place one foot
forward through the
doorway as shown.
Next, bend the front
knee until a stretch is
felt along the front of
your chest and/or
shoulders. Your upper
arms should be
horizontal to the
ground and forearms
should lie up along the
door frame.
Anchor your hands in a
cross-over manner so
your right hand is on
the left of the door
frame and your left
hand is on the right of
the door frame.
Then push your upper
back backwards,
tucking your head
gently to achieve a
stretch in the neck and
upper back.
Raise affected arm up
to shoulder height.
Bring affected arm
across your body by
pulling with the
opposite hand until you
feel a stretch in the
back of your shoulder.
Stand with affected arm
up and behind head,
reaching down the back
as far as comfortable.
Use free hand to press
elbow backwards
stretching the triceps
muscle.

Pectoralis major and
minor

Rhomboids

Supraspinatus &
posterior capsule of
GHJ

Triceps
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Wrist Flexor
Stretch

Use your unaffected
hand to bend the
affected wrist up as
shown. Keep the elbow
straight on the affected
side the entire time.

Flexor digitorum
profundus, flexor
pollicis longus,
pronator quadratus &
lumbricales

Wrist
Extensor
Stretch

Use your unaffected
hand to bend the
affected wrist down as
shown. Keep the elbow
straight on the affected
side the entire time.

Open Book

While lying on your
side with your arms
outstretched in front of
your body, slowly twist
your upper body to the
side and rotated your
spine. Your arms and
head should also be
rotating along with the
spine as shown. Follow
your head with your
hand.
Begin facing
downward on your
hands and knees with
both your hands and
knees about 6 inches
apart. Apply pressure
downward through
your hands to activate
your lat muscles along
the back side of your
rib cage. Maintain this
activation as you rock
back onto your heels
while maintaining
position with your

Extensor carpi radialis
longus, abductor
pollicis longus,
extensor pollicis brevis,
extensor indicis,
extensor pollicis
longus, extensor carpi
radialis brevis, extensor
carpi ulnaris &
extensor digit minimi
Allows thoracic spine
to open

Child’s Pose
– Lat Stretch

Latissimus dorsi, rectus
femoris & tibialis
anterior
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Lateral Child
Pose

hands allowing the hips
and back to flex
forward while the arms
are stretched overhead
While on your hand
and knees in a crawl
position, slowly lower
your buttocks towards
your feet. Also, lower
your chest towards the
floor as you reach out
towards the side.

Sciatic Nerve Start by lying on your
Glide
back and holding the
back of your knee.
Next, attempt to
straighten your knee.
Hold this position.
Bend your ankle
forward and back (as if
you’re pressing on/off
the gas pedal). Lower
the leg back to the
table. Repeat.
LTR Stretch Lay on your back with
your knees flexed and
your feet flat. Slowly
let your legs drop to the
side, in a pain free
range, keep your
abdominals tight and
feet in contact with the
table. Return your legs
to the start position and
then lower to the
opposite side.

Latissimus dorsi, rectus
femoris, quadratus
lumborum and tibialis
anterior

Flosses the sciatic
nerve and stretches
hamstring muscles

Gluteal muscles and
piriformis
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Piriformis
Stretch

Supine
Hamstring
Stretch

Iliotibial
Band Stretch

Prone Quad
Stretch

While lying on your
back with both knee
bent, cross your
affected leg on the
other knee. Next, hold
your unaffected thigh
and pull it up towards
your chest until a
stretch is felt in the
buttock.
Lie on your back and
hook a strap around
your foot. Keeping the
opposite leg straight
and flat on table, lift
the affected leg towards
the ceiling while
maintaining a straight
knee. You should feel a
stretch along the back
of the thigh and knee.
Loop a strap around
your foot. While lying
on your back and leg
up in front of you and
knee straight, bring
your leg across midline
for a gentle stretch felt
along your outer thigh.

Piriformis

Lie down flat on your
stomach. Wrap a strap
around the top of one
of your feet and pull
the strap across your
opposite shoulder so
that your knee starts to
curl up to your body.
Pull until a stretch is
felt across the front of
your thigh.

Rectus femoris, vastus
intermedius, vastus
lateralis and vastus
medialis

Gluteus maximus,
biceps femoris,
semitendinosus and
semimembranosus

Gluteus maximus,
biceps femoris,
semitendinosus,
semimembranosus,
vastus lateralis and
tensor fasciae latae
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Seated
Lateral
Trunk
Stretch

While in a seated
position, raise up your
arm and bend to the
opposite side for a
stretch.

External obliques,
latissimus dorsi and
quadratus lumborum

Half Kneel
Hip Flexor
Stretch

While kneeling down
Psoas, iliacus and
on one knee, lean
rectus femoris
forward and bend your
front knee until a
stretch is felt along the
front hip area of the
knee-downside. Keep
pelvis posteriorly tilted.

Half Kneel
Quadratus
Lumborum/
TFL Stretch

While kneeling down
on one knee, move the
knee that’s on the
ground in line but
behind the foot that is
on the ground, grab on
to something to support
yourself and lean
towards the opposite
side of the foot and
knee on the ground

Quadratus lumborum
and tensor facia latae

Butterfly
Stretch

While in a sitting
position, bend your
knees and place the
bottom of your feet
together. Next, slowly
let your knees lower
towards the floor until
a stretch is felt at your
inner thighs.

Pectineus, adductor
longus, adductor
magnus, adductor
brevis and gracilis
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Seated Back
Stretch

Cat and Cow

Downward
Dog

Start in a seated
position with legs
crossed. Next, bend
forward and place your
hands on the floor.
Walk your hands
forward until you feel a
gentle stretch along
your back. Hold this
and then return to
starting position. Slow
deep diaphragm
breathing the entire
time.
While on your hands
and knees in a crawl
position, raise up your
back and arch it
towards the ceiling like
an angry cat. Next
return to a lowered
position and arch your
back the opposite
direction.
Start in a crawl position
(on hands and knees)
so that your hands are
under your shoulder
and your knees are
under your hips. Next,
walk your hands
forward and then lift
hips up towards the
ceiling as you
straighten your knees
and elbows as shown.
Tighten your quads and
if able you can lower
your heels to the floor.
Hold this position.
Slow deep diaphragm
breathing the entire
time.

Multifidus, iliocostalis
lumborum and
extractor spinae

Abdominal external
oblique, erector spinae,
longissimus, rectus
abdominis

Latissimus dorsi,
gluteus maximus,
serratus anterior,
intrinsic foot muscles,
triceps brachii and
hamstrings
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Hip
Adductor
Stretch

Extended
Side Angle
Stretch

Triangle
Stretch

Start in a standing
position and feet spread
wide apart. Next,
slowly bend your knee
to allow for a gentle
stretch of the opposite
leg. Maintain a straight
knee on the target leg
the entire time. You
should feel a stretch on
the inner thigh.
Start by standing in a
lunge position with the
front toes pointed
forward and the back
toes pointed to the side
Next, lean forward and
rest your forearm on
your front thigh and
reach your other arm
up and over head as
shown. Turn your head
to look at your hand
that is over head. Hold
this position. Slow
deep diaphragm
breathing the entire
time.
Start in standing
position and take a step
forward so that your
front foot is pointed
forward and your back
foot is pointed to the
side. Both knees should
be straight. Next, bend
forward hinging at your
hips Reach your other
arm up overhead and
turn your head to look
upwards as well. Hold
this position. Slow
deep diaphragm
breathing the entire
time.

Pectineus, adductor
longus, adductor
magnus, adductor
brevis and gracilis

External obliques,
latissimus dorsi,
pectineus, adductor
longus, adductor
magnus, adductor
brevis and gracilis

External obliques,
latissimus dorsi,
pectineus, adductor
longus, adductor
magnus, adductor
brevis and gracilis
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Standing
Calf Stretch
(Gastroc)

Standing
Calf Stretch
(Soleus)

Start by standing in
Gastrocnemius
front of a wall or other
sturdy object. Step
forward with one foot
and maintain your toes
on both feet to be
pointed straight
forward. Keep the leg
behind you with a
straight knee during the
stretch. Lean forward
towards the wall and
support yourself with
your arms as you allow
your front knee to bend
until a gentle stretch is
felt along the back of
your leg that is most
behind you. Move
closer or further away
from the wall to control
the stretch of the back
leg. Also, you can
adjust the bend of the
front knee to control
the stretch as well.
Start by standing in
Soleus
front of a wall or other
sturdy object. Step
forward with one foot
and maintain your toes
on both feet to be
pointed straight
forward. Keep the leg
behind you with a bent
knee during the stretch.
Lean forward towards
the wall and support
yourself with your arms
as you allow your front
knee to bend until a
gentle stretch is felt
along the back of your
leg that is most behind
you. Move closer or
further away from the
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Plantar
Fascia
Stretch

wall to control the
stretch of the back leg.
Also, you can adjust
the bend of the front
knee to control the
stretch as well.
Grasp your foot by the
big toe and plantar
surface of foot and pull
towards your head

Plantar fascia
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Appendix M
Treatment Exercise Log
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Appendix N
Class Attendance
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Appendix O
COVID-19 Checklist
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Appendix P
Site Photos
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Appendix Q
COVID-19 Handout

Here are the actions we are taking
Asking subjects to
wear a mask
covering their
nose and mouth

Screening
temperature and
symptoms

Maintaining the
six-foot physical
distancing
requirements for
subjects

Disinfecting
common areas
regularly including
high-touch
surfaces

Stay away from
research area is
you have: fever,
cough, loss of
taste or smell,
sore throat, trouble
breathing,
headache, muscle
aches, fatigue or
digestive problems

Requiring hand
washing and
sanitation by
subjects
Making hand
sanitizer,
disinfecting wipes,
or soap and water
readily available to
subjects

If you have any questions, you can
reach us at
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